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1.0 INTRODUCTION 

In g round  t e s t  f a c i l i t i e s ,  it is  d e s i r a b l e  to e c o n o m i c a l l y  co l l ec t  
the  o p t i m u m  amoun t  of quan t i t a t ive  and qua l i t a t i ve  da ta  wi thout  i n t e r -  
f e r r i n g  with the  t e s t  a r t i c l e .  F o r  t h e r m a l  v a c u u m  t e s t i n g ,  "this p r e s e n t s  
s o m e  unique  p r o b l e m s .  To d e t e r m i n e  the t e m p e r a t u r e  at points  of 
i n t e r e s t  it is p r e s e n t l y  n e c e s s a r y  to e m p l o y  t h e r m o c o u p l e s .  Th i s  has  
the  d i s a d v a n t a g e  in that  the  t h e r m o c o u p l e s  cannot  be u s e d  at j u s t  any 
a r b i t r a r y  l o c a t i o n  on the t e s t  a r t i c l e  b e c a u s e  of i n s t a l l a t i o n  p r o b l e m s .  
In addi t ion ,  s i n c e  o r b i t i n g  v e h i c l e s  a r e  sp in  s t a b i l i z e d ,  the  t e s t i n g  of 
r o t a t i n g  a p p a r a t u s  is  d i f f icul t  due to the  tw i s t i ng  of the  th, e r m o c o u p l e  
w i r e s .  F o r  s o m e  t e s t s ,  the t h e r m o c o u p l e  w i r e s  e v e n  cause  s u b s t a n t i a l  
cool ing  l o s s e s .  F i n a l l y ,  the use  of t h e r m o c o u p l e s  l i m i t s  the d e t e r m i -  
na t ion  of the  s u r f a c e  t e m p e r a t u r e  of a t e s t  v e h i c l e  to the  d i s c r e t e  poin ts  
w h e r e  the  t h e r m o c o u p l e s  a re  loca ted .  Many of the  d i s a d v a n t a g e s  a s s o -  
c i a t ed  wi th  the  t h e r m o c o u p l e s  could  be e l i m i n a t e d  by u t i l i z a t i o n  of the 
i n f r a r e d  (IR) s cann ing  c a m e r a .  

The  IR c a m e r a  is  a l r e a d y  be ing  u s e d  in a e r o d y n a m i c  hea t i ng  t e s t  
ap p l i c a t i o ns  (Refs .  1 and 2); the h e a t - t r a n s f e r  coe f f i c i en t  is d e t e r m i n e d  
t h ro u g h  r e c o r d i n g  the  t r a n s i e n t  t e m p e r a t u r e  r e s p o n s e  of the  wind  tunne l  
m o d e l .  At p r e s e n t ,  the  IR c a m e r a  can be u s e d  to  d e t e r m i n e  the  b l ack -  
body s u r f a c e  t e m p e r a t u r e  of t e s t  a r t i c l e s  in the  r a n g e  of -30°C to 850°,C 
wi th  an InSb d e t e c t o r  (2 to 5 ~ ) or  -50°C to 850°C with  a m e r c u r y -  
c a d m i u m - t e L l u r i d e  d e t e c t o r  (HgCdTe) (8 to  14~) .  In addi t ion ,  the  s u r -  
f a c e  t e m p e r a t u r e  of m a n y  points  wi th in  the  c a m e r a ' s  f i e ld  of v iew can 
be d e t e r m i n e d ,  and not  jus t  at a few d i s c r e t e  l o c a t i o n s  as wi th  t h e r m o -  
couples .  The  IR c a m e r a  could  be v e r y  b e n e f i c i a l  in quan t i t a t i ve ly  and 
q u a l i t a t i v e l y  de f in ing  t e s t  v e h i c l e  ho t spo t s  ( t rouble  spots ) .  Also ,  s u r -  
f ace  t e m p e r a t u r e s  of r o t a t i n g  t e s t  a p p a r a t u s  could be d e t e r m i n e d  w i th -  
out c o n c e r n  o v e r  the  t w i s t i n g  of t h e r m o c o u p l e  w i r e s .  

The  IR c a m e r a  is p a r t i c u l a r l y  a t t r a c t i v e  as a t e s t  i n s t r u m e n t  
b e c a u s e  it s e n s e s  the  n a t u r a l  i n f r a r e d  r a d i a t i o n  e m i t t e d  by s u r f a c e s  in 
the  2-  to 5-~ o r  8-  to 14-# w a v e l e n g t h  bands  (depend ing  upon wh ich  
d e t e c t o r  is  used) .  Thus ,  the d e t e c t i o n  of th i s  n a t u r a l l y  e m i t t e d  r a d i a t i o n  
does  not  i n t e r f e r e  wi th  the  t e s t  m o d e l  in any m a n n e r .  Th i s  m e t h o d  of 
da ta  a c q u i s i t i o n  r e q u i r e s  no p h y s i c a l  contac t  b e t w e e n  the t e s t  ob jec t  and 
the  da ta  r e c o r d i n g  i n s t r u m e n t .  At p r e s e n t ,  the  t e m p e r a t u r e  r e s o l u t i o n  
of the  IR c a m e r a  is v e r y  m u c h  l e s s  than  I°C, which  is as good o r  b e t t e r  
than  the t h e r m o c o u p l e .  The IR c a m e r a  can a l so  be u s e d  to d e t e r m i n e  
the  t r a n s i e n t  t e m p e r a t u r e  r e s p o n s e  of t e s t  a r t i c l e s  due to i ts  v e r y  h igh  
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f r a m e  speed .  This  i n s t r u m e n t  a l so  a p p e a r s  to have  e x c e l l e n t  po ten t i a l  
fo r  coupl ing  i ts  app l i ca t i on  wi th  a c o m p u t e r  to r e c o r d  and ana lyze  l a r g e  
am'ounts of t e s t  da ta  qu ick ly  and a c c u r a t e l y .  

Many s c i e n t i f i c ,  t e s t - o r i e n t a t e d  o r g a n i z a t i o n s  a l r e a d y  have  and 
a r e  us ing  the  IR scann ing  c a m e r a .  At the Ins t i tu t  fu r  R a u m s i m u l a t i o n  
of DFVLR in Wes t  G e r m a n y  the IR s c a n n i n g  c a m e r a  is p r e s e n t l y  be ing  
used  to l oca t e  m o d e l  ho t spo t s  (Ref. 3). Also ,  at the E u r o p e a n  Space  
R e s e a r c h  O r g a n i z a t i o n  (ESTEC),  N o o r s w i j k ,  Hol land,  w h e r e  the  l a r g e s t  
s p a c e - s i m u l a t i o n  c h a m b e r  in E u r o p e  is i n s t a l l e d  - -  hav ing  a d i a m e t e r  
in the t e s t  plane of t h r e e  m e t e r s  - -  the  IR s c a n n i n g  c a m e r a  is in use .  
App l i ca t i ons  of the IR s c a n n i n g  c a m e r a  t h e r e  inc lude  the  d e t e r m i n i n g  
of the s u r f a c e  t e m p e r a t u r e  of a s a t e l l i t e  in the s p a c e - s i m u l a t i o n  c h a m b e r .  

2.0 CAMERA FUNDAMENTALS OF OPERATION 

In th i s  s e c t i o n  the b a s i c  p r i n c i p l e s  of c a m e r a  o p e r a t i o n  wi l l  be g i v e n  
fo r  IR s c a n n i n g  c a m e r a s  f r o m  t h r e e  m a n u f a c t u r e r s :  AGA, DYNARAD, 
and B a r n e s .  D e s c r i p t i o n s  of t h e s e  t h r e e  c a m e r a s  a r e  i nc luded  to p r o -  
v ide  a r e p r e s e n t a t i v e  c r o s s  s e c t i o n  of ava i l ab l e  IR s c a n n i n g  c a m e r a s .  
The  AGA Model  680 was u s e d  p r i m a r i l y  fo r  th i s  s tudy  s i n c e  it was  
r e a d i l y  ava i l ab le ;  h o w e v e r ,  the p u r p o s e  of th is  s tudy and the  r e s u l t s  
ob ta ined  p e r t a i n  to app l i cab i l i t y  of the  g e n e r a l  c a t e g o r y  d e s c r i b e d  as IR 
s c a n n i n g  c a m e r a s  fo r  t h e r m a l  v a c u u m  t e s t i n g .  The  AGA T h e r m o v i s i o n  @ 
Model  680 is the  s c a n n i n g  c a m e r a  which  has  b e e n  p u r c h a s e d  by the  yon 
K ~ r m ~ n  Gas D y n a m i c s  F a c i l i t y  (VKF) fo r  the  p u r p o s e s  of a c q u i r i n g  a e r o -  
d y n a m i c  hea t ing  da ta  on wind tunne l  m o d e l s .  The  AGA T h e r m o v i s i o n  IR 
s c a n n i n g  c a m e r a  o p e r a t e s  on the  p r i n c i p l e s  d e p i c t e d  in F ig .  la .  The  
c a m e r a  p icks  up the IR r a d i a t i o n  e m i t t e d  by a body and f o c u s e s  it on a 
d e t e c t o r  that  c o n v e r t s  it to an e l e c t r i c a l  s igna l .  The  d e t e c t o r  that  wi l l  be 
r e q u i r e d  (as shown  l a t e r )  fo r  t h e r m a l  v a c u u m  p u r p o s e s  is the  pho tocon -  
duc t ive  HgCdTe (8 to 14 # ) which  r e q u i r e s  coo l ing  by l iqu id  n i t r o g e n  (LN2). 
The  p r i m a r y  op t ics  of the  c a m e r a  ( c a m e r a  l ens )  f o r m  an i m a g e  of the ob-  
j e c t  in a p lane  s i t ua t ed  i n s i d e  the  v e r t i c a l  s c a n n i n g  p r i s m .  The  i m a g e  is 
s c a n n e d  v e r t i c a l l y  by r o t a t i o n  of the  p r i s m  about i ts  h o r i z o n t a l  axis .  
Th is  r e s u l t s  in a h o r i z o n t a l ,  v i r t u a l  l i n e - i m a g e  be ing  f o r m e d  wi th in  the  
s e c o n d  scann ing  p r i s m .  The l i n e - i m a g e  is then  s c a n n e d  h o r i z o n t a l l y  in 
t u rn  by r o t a t i o n  of the s e c o n d  p r i s m  about i ts  v e r t i c a l  axis .  Both p r i s m s  
a r e  e i g h t - s i d e d .  The  h o r i z o n t a l  s c a n n i n g  p r i s m  is f la t  in f o r m  and r o t a t e s  
about i ts  s h o r t  axis  at a s p e e d  of 12,000 r p m .  The p r i s m  is m o u n t e d  
t o g e t h e r  with a pos i t ion  p ick -o f f  r i n g  on a s i ng l e  f lange  coupled  d i r e c t l y  
to the shaf t  of the h o r i z o n t a l - d r i v e  m o t o r .  The  v e r t i c a l  s c a n n i n g  p r i s m  is 
d r u m - s h a p e d .  It r o t a t e s  at r i gh t  ang le s  to the h o r i z o n t a l  p r i s m ,  s c a n n i n g  
the i m a g e  a p p r o x i m a t e l y  once  v e r t i c a l l y  fo r  e v e r y  70 h o r i z o n t a l  s cans .  
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The o p e r a t i o n  of the r o t a t i n g  p r i s m s  is d e p i c t e d  in Fig.  lb.  In 
pos i t i on  1, r a d i a t i o n  f r o m  point I in the i m a g e  wi l l  r e a c h  the  d e t e c t o r .  
When  the p r i s m  is in pos i t i on  2, the d e t e c t o r  wi l l  look at point  2 s i t ua t ed  
m e d i a l l y  in the  image .  Thus ,  the  p r i s m  wi l l  have  the  s a m e  func t ion  as 
if the d e t e c t o r  e l e m e n t  w e r e  m o v e d  qu ick ly  a long the l i ne  1, 2, 3. F o r  

as the p r i s m  e a c h  r e v o l u t i o n  of the  p r i s m ,  e igh t  l i n e s  a r e  s c a n n e d ,  and, 
m a k e s  200 r e v / s e c ,  1,600 l i n e s  a r e  s c a n n e d  pe r  second .  

Transfer Detector 
Optical-Mechanical Scanner Optics Housing 

Rotary C hopper 16 rps--~ r- Selectable Aperture 
Collimation Lens~ \ / 

Camera Lens SideView ,,--- - - -- 
~ 200 c_~rps / 

Vertical J Scanning Prism 
Horizontal Collimation Lens. 
Scanning Prism 

-Dewar Flask 

;:'~Liquid Nitrogen 

~-I R Detector 

Figure 1. 

Top View ~:; 

a. Scanning principles 
Operation fundamentals of the AGA Model 680 ® IR 
scanning camera. 
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b. Operation of rotating prisms 
Figure 1. Concluded. 

The d e t e c t o r  s i gna l  is a m p l i f i e d  and fed to the  d i sp l ay  uni t  (or 
c o m p u t e r ) ,  w h e r e  it is  p r o c e s s e d  and u s e d  to m o d u l a t e  the  i n t e n s i t y  of 
the  b e a m  in the p i c tu r e  (or is  d i g i t i z e d  and s t o r e d  in the  c o m p u t e r  a long 
wi th  the v e r t i c a l  and h o r i z o n t a l  sync  s igna l s ) .  The  b e a m  s w e e p s  a c r o s s  
the tube face  in a p a t t e r n  c o r r e s p o n d i n g  to the s c a n n i n g  p a t t e r n  of the  
c a m e r a .  

The  t h e r m a l  p i c tu r e  on the  s c r e e n  is t aken  at 16 f r a m e s / s e c .  The  
c a m e r a  can  be f o c u s e d  r e m o t e l y  f r o m  the  d i sp l ay  unit .  The  s i z e  of the  
p i c tu r e  on the  tube is 50 m m  by 60 m m .  T e m p e r a t u r e  d i f f e r e n c e s  of 
l e s s  than  0 .2°C can  be d i s t i n g u i s h e d  on ob j ec t s  at a p p r o x i m a t e l y  r o o m  
t e m p e r a t u r e .  The  spa t i a l  r e s o l u t i o n  is  about 100 p i c t u r e  e l e m e n t s  pe r  
l i ne  but can be i n c r e a s e d  by a f a c t o r  of t h r e e  b e f o r e  the  op t ica l  s y s t e m  
l i m i t s  i t se l f .  The  r a n g e  of d e t e c t a b l e  b l ackbody  t e m p e r a t u r e s  is  -50°C 
to 850°C fo r  an HgCdTe  d e t e c t o r  (8 to 14 ~.-). 

8 
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The n u m b e r  of l i n e s  pe r  p i c t u r e  ( f r ame)  is n o m i n a l l y  100. By 
p r o p e r  cho ice  of the r a t i o  b e t w e e n  the h o r i z o n t a l  and v e r t i c a l  s c a n n i n g  
f r e q u e n c i e s ,  the l ine  r a s t e r  wi l l  m o v e  s lowly  in the  v e r t i c a l  d i r e c t i o n ,  
and a photo of the s c r e e n  t aken  wi th  an e x p o s u r e  t i m e  of 0 . 5  s e c  or  l o n g e r  
wi i l  con ta in  so m a n y  s u p e r i m p o s e d  f r a m e s  that  the  l i ne  p a t t e r n  is  h a r d l y  
n o t i c e ab l e .  The i n s t a n t a n e o u s  f ie ld  of view of the c a m e r a  is quo ted  as 
3 .5  m r a d  fo r  a 4 6 - d e g  by 4 5 - d e g  f i e ld  of v iew l e n s .  Shown in Append ix  A 
a r e  c h a r t s  with d e t a i l e d  l ens  i n f o r m a t i o n  (focal  l eng th ,  dep th  of f i e ld ,  
e tc .  ) fo r  t h r e e  l e n s e s :  10-deg  by 10-deg ,  2 5 - d e g  by 25 -deg ,  and 4 5 - d e g  
by 4 5 - d e g  f i e ld s  of v iew l ens .  

Shown in Fi~. 2 is a s k e t c h  d e p i c t i n g  the b a s i c  o p e r a t i n g  p r i n c i p l e s  
of the DYNARAD ~-' c a m e r a  (Model  810). I n f r a r e d  r a d i a t i o n  e n t e r s  the  
a p e r t u r e  at the f ron t  and i m p i n g e s  upon a d i c h o r i c  wh ich  r e f l e c t s  the  

Visual Channel ~-T . . . . .  R ~  L ~ J 

..-.~. Obj e c t  

x syoc lsc.n,.  j er 
Liquid N 2 ~ ~ R  ~ 

To X-Sync A Mirror-  

D i sp lay  ~V~deo ~ ~ ~ InSb or HgCdTe 
Unit  l -- Preamplif ie~ir Detector 

Y-Sync 

' o r  

Figure 2. Operation fundamentals of the DYNARAD Model 810 ® IR 
scanning camera. 

i n f r a r e d  r a d i a t i o n  downward- and t r a n s m i t s  the v i s i b l e  r a d i a t i o n  to a 
spo t t ing  scope .  The  IR r a d i a t i o n  p r o c e e d s  f r o m  the d i c h o r i c  to a f i r s t -  
s u r f a c e  f r a m i n g  m i r r o r .  F r o m  the  f r a m i n g  m i r r o r ,  the  b e a m  p r o c e e d s  
upward  to the l i n e - g e n e r a t i n g  m i r r o r  whose  axis  of r o t a t i o n  is  o r t h o g o n a l  
to that  of the f r a m i n g  m i r r o r .  R ~ d i r e c t e d  downward  aga in  by the  l i n ing  
m i r r o r ,  the  b e a m  s t r i k e s  a folding m i r r o r  and is d i r e c t e d  to the  i n f r a r e d  
t r a n s m i s s i v e  l e n s  and thence  f o c u s e d  on the d e t e c t o r  l o c a t e d  beh ind  a 
window in a d e w a r  con ta in ing  l iqu id  n i t r o g e n .  The  d e t e c t o r  s i gna l  is then  
fed to the  CRT (or c o m p u t e r )  with f r a m e  and l i ne  s can  s y n c h r o n i z a t i o n  
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f r o m  the  c a m e r a .  The  c a m e r a  is  n o r m a l l y  f u r n i s h e d  wi th  an i n d i u m  
a n t i m o n i d e  d e t e c t o r  s e n s i t i v e  f r o m  2 .0  to 5 .4  m i c r o m e t e r s ,  wh ich  c o r -  
r e s p o n d s  to a r e g i o n  of r e l a t i v e l y  good a t m o s p h e r i c  t r a n s m i s s i o n  of 
i n f r a r e d  r a d i a t i o n .  An HgCdTe d e t e c t o r ,  which  o p e r a t e s  in a n o t h e r  m a j o r  
a t m o s p h e r i c  window r e g i o n  b e t w e e n  8 and 14 m i c r o m e t e r s  is a l so  a v a i l -  
able  and would  be m o s t  app l i cab le  fo r  AEDC v a c u u m  c h a m b e r  use .  

T a r g e t s  n e a r  r o o m  t e m p e r a t u r e  r a d i a t e  m o s t  s t r o n g l y  in the  
8- to 14'-# band. A p p r o x i m a t e l y  40 p e r c e n t  of to ta l  a m b i e n t  t e m p e r -  
a t u r e  e m i s s i o n  o c c u r s  in th i s  band. The  r a n g e  of d e t e c t a b l e  b l a c k -  
body t e m p e r a t u r e s  is -20°C to 500°C. The  focus  is m o t o r  d r i v e n  and 
c o n t r o l l e d  f r o m  the  f ron t  panel  of the con t ro l  and d i sp l ay  unit .  The  
to ta l  f i e ld  of v iew is v a r i a b l e  in 5 - d e g  s t e p s  f r o m  10 to 35 deg.  I n s t a n -  
t aneou s  f i e ld  of v iew is quo ted  as  1.7 m r a d  g iv ing  a 2 0 0 - r e s o l u t i o n  
e l e m e n t  p i c t u r e  at 10-deg  by 10-deg  f i e ld  of view and a m a x i m u m  4 0 0 -  
e l e m e n t  p i c t u r e  at ~,0-deg f i e ld  of v iew.  A l a r g e  op t i ca l  a p e r t u r e  wi th  
a d - c  coupled  HgCdTe  d e t e c t o r  r e s u l t s  in a m i n i m u m  r e s o l v a b l e  t e m p e r -  
a t u r e  d i f f e r e n c e  of 0 .05°C with  f r a m e  t i m e s  of 1 to 16 sec .  The  s c a n n i n g  
r a t e  is 60 l i n e s / s e c o n d  wi th  r e s u l t a n t  t h e r m a l  p i c t u r e s  of 50 to 800 l i n e s  
d£pend ing  on the  f r a m e  r a t e .  Both  h o r i z o n t a l  and v e r t i c a l  s c a n n i n g  a r e  
l i n e a r  and u n i d i r e c t i o n a l .  

The  b a s i c  p r i n c i p l e s  of o p e r a t i o n  of the  B a r n e s  ® IR s c a n n i n g  c a m e r a  
a r e  shown  in Fig .  3. In o p e r a t i o n ,  the  Model  101 s c a n s  i ts  t a r g e t  in two 
. d i m e n s i o n s ,  v e r t i c a l  and h o r i z o n t a l .  Th i s  s c a n n i n g  is  a c c o m p l i s h e d  

r 
_ _ . t r b n s i t i v i t y  C o n t r a s t  ~ - a e l e c t l n g  C i r c u i t  

P r e a m p l i f i e r  | ; I . , ,  , _ _ 1  I n t o n . i , ,  I 
I I [ ~  ~ r-Tllt.lng I |  I -  i , ' -  I ~ - v -  , , 'I i Control i 
I l ~ = ~ U ~ - - - - . - -  I I I  l('o~elnck Leve l  I I i i 

I ~'°pal I ~lat" i 
~ -  H o r i z o n t a l  I 

I ' '  Sweep ~ P l a t e a  ; ~.~.°~_/~"'J''(t~) I i I Triggering Pu]Lse, ! Coneratorr I / 
$~ ~.~ 0 ~ _ ~  _ _ . ~ -  . . . ~  ~| t Vertlcal Scan . . . . . . . . . . . . .  t - 
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camera unl¢ ! H o r i z o n t a l  Scan  / 
~ D e n o t e z  O s c l  1 l o a c o p e  | . . . . .  ,-J 

P a n e l  C o n t r o l  O s c i l l o s c o p e  

Figure 3. Operation fundamentals of 1he Barnes Model 101 ® IR 
scanning camera. 
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h o r i z o n t a l l y  by  m e a n s  of a h i g h - s p e e d ,  s i x - s i d e d ,  m i r r o r e d  d r u m  tha t  
r o t a t e s  at 4 , 5 0 0  r p m .  The  IR r a d i a t i o n  e n t e r i n g  the c a m e r a  i s  r e f l e c t e d  
f r o m  the  h o r i z o n t a l  d r u m  and s t r i k e s  a r o c k i n g ,  v e r t i c a l  s c a n  m i r r o r .  
It is  t hen  c o l l e c t e d  by a concave  m i r r o r  which ,  in  t u rn ,  f o c u s e s  the  
e n e r g y  on a s m a l l ,  h igh ly  s e n s i t i v e  d e t e c t o r .  The  d e t e c t o r t s  output  i s  an  
e l e c t r i c a l  s i g n a l  tha t  i s  d i r e c t l y  p r o p o r t i o n a l  to the  amoun t  of r a d i a t i o n  
i m p i n g i n g  upon it .  Th~s s i g n a l  is  a m p l i f i e d ,  p r o c e s s e d ,  and d i s p l a y e d  on 
a ca thode  r a y  tube as  an i n t e n s i t y - m o d u l a t e d  r a s t e r  - -  a t h e r m a l  i m a g e  of 
i t s  t a r g e t .  

F o r  a p p l i c a t i o n s  invo lv ing  CO 2 (10.6/~ ) l a s e r  s t u d i e s ,  low t e m p e r -  
a t u r e  t a r g e t s  a n d / o r  long  a t m o s p h e r i c  pa ths ,  a cooled  l e a d - t i n - t e l l u r i d e  
d e t e c t o r  is  op t iona l ly  ava i l ab l e .  T h i s  t r i m e t a l  d e t e c t o r  p r o v i d e s  e x c e l l e n t  
s e n s i t i v i t y  t h roughou t  the 8-p to 12-p r e g i o n .  It i s  packaged  in a d e w a r  
wi th  an LN 2 hold t i m e  of fou r  h o u r s .  The  d e t e c t a b l e  t e m p e r a t u r e  r a n g e  
of t h i s  c a m e r a  is  -20°C  to 150°C. 

It shou ld  be m e n t i o n e d  tha t  none of the above d e s c r i b e d  c a m e r a s  
can  be u s e d  in vacuum.  Thus ,  it wi].l be n e c e s s a r y  to  u s e  the  IR s c a n n i n g  
c a m e r a  ou t s ide  t h e . v a c u u m  c h a m b e r  and obta in  da ta  t h r o u g h  a c h a m b e r  
v i e w p o r t .  It wi l l  be n e c e s s a r y  tha t  the  v i e w p o r t  window have  a h igh  
t r a n s m i s s i v i t y  and a low e m i t t a n c e .  

In the  p r e c e d i n g  d i s c u s s i o n ,  the s p a t i a l  r e s o l u t i o n s  of the  v a r i o u s  
c a m e r a s  w e r e  p r e s e n t e d .  To m o r e  c l e a r l y  d e m o n s t r a t e  s p a t i a l  r e s o l u -  
t ion ,  F ig .  4 has  b e e n  inc luded;  t h i s  f i g u r e  dep i c t s  how s p a t i a l  r e s o l u t i o n  
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Figure 4. Spatial resolution for the AGA Model 680 ® IR 
scanning camera, Ref. 5. 
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i s  de f i n e d  fo r  the AGA Model  680 c a m e r a  (Ref. 4). T h r e e  c u r v e s  a r e  
shown  c o r r e s p o n d i n g  to t h r e e  f i e l d - o f - v i e w  l e n s e s :  10-deg ,  2 5 - d e g ,  ariel 
4 5 - d e g  f i e ld s  of v iew (Appendix  A). The  s p a t i a l  r e s o l u t i o n  fo r  th i s  c a m e r a  
i s  de f i n e d  on the  ba s i s  that  the  s i z e  of a s l i t  (ac t ing  as  an a p e r t u r e  to a 
b l ackbody  s o u r c e )  is r e d u c e d  such  tha t  the  m o d u l a t i o n  d r o p s  to 50 p e r c e n t .  
F o r  e x a m p l e ,  in F ig .  4 the  spa t i a l  r e s o l u t i o n  fo r  the  2 5 - d e g  f i e l d - o f - v i e w  
l e n s  is  2 . 5  m r a d .  Howeve r ,  in o r d e r  to m e a s u r e  t e m p e r a t u r e  it a p p e a r s  
tha t  the  sp a t i a l  r e s o l u t i o n  m u s t  be de f i ned  as the  s m a l l e s t  s l i t  open ing  
wh ich  wi l l  s t i l l  y i e l d  1 0 0 - p e r c e n t  modu la t ion ;  hence ,  the  spa t i a l  r e s o l u -  
t ion  fo r  t e m p e r a t u r e  m e a s u r e m e n t  would be about 10 m r a d  fo r  the  2 5 - d e g  
f i e l d - o f - v i e w  l e n s .  

3.0 CHAMBER DESCRIPTION 

3.1 BACKGROUND 

The IR c a m e r a  would be m o s t  u se fu l  in i t s  app l i ca t i on  to t e s t i n g  
p e r f o r m e d  in two AEDC v a c u u m  c h a m b e r s .  T h e s e  c h a m b e r s  a r e  the  
A e r o s p a c e  C h a m b e r  (12V) which  is 12 ft in d i a m e t e r  and 35 ft h igh  and 
the  A e r o s p a c e  E n v i r o n m e n t a l  C h a m b e r  (Mark  I) wh ich  is 42 ft in d i a m e t e r  
and 82 ft high. Hence ,  it is d e s i r a b l e  to de f ine  the  s o u r c e s  of IR n o i s e  
a s s o c i a t e d  wi th  t h e s e  c h a m b e r s .  It shou ld  be r e m e m b e r e d  that  i d e a l l y  
the IR c a m e r a  would  only r e s p o n d  to the  IR r a d i a t i o n  e m i t t e d  by the  t e s t  
v e h i c l e .  H o w e v e r ,  IR r a d i a t i o n  f r o m  o t h e r  s o u r c e s  wi l l  be i nc iden t  upon 
the  t e s t  a p p a r a t u s  and wi l l  be r e f l e c t e d .  The  IR s c a n n i n g  c a m e r a  cannot  
d i s t i n g u i s h  b e t w e e n  the IR r a d i a t i o n  e m i t t e d  by the  t e s t  v e h i c l e  and the  
IR r a d i a t i o n  r e f l e c t e d  f r o m  the  t e s t  v e h i c l e ;  it wi l l  r e s p o n d  to the  s u m  of 
t h e s e  two s i g n a l s .  Thus ,  it is n e c e s s a r y  to i n v e s t i g a t e  the  s o u r c e s  of 
IR n o i s e  in both the 12V and Mark  I c h a m b e r s ,  to d e t e r m i n e  t h e i r  m a g n i -  
tude ,  and how they  wi l l  a f fec t  the  c a m e r a  p e r f o r m a n c e .  Also ,  it i s  
d e s i r a b l e  to r e c o m m e n d  t e c h n i q u e s  fo r  e i t h e r  e l i m i n a t i n g  o r  m i n i m i z i n g  
the  c h a m b e r  IR no i se .  The  c h a m b e r  IR n o i s e  wi l l  a l so  have  to be con-  
s i d e r e d  in the c a m e r a  ca l i b r a t i on .  

B e f o r e  p r e s e n t i n g  a d e t a i l e d  d i s c u s s i o n  of the c h a m b e r  IR n o i s e  
s o u r c e s ,  it  is i n s t r u c t i v e  to o b s e r v e  in Fig .  5 s o m e  typ ica l  t e s t  v e h i c l e  
s u r f a c e  t e m p e r a t u r e s .  F o r  c o n v e n i e n c e ,  the  t e s t  ob jec t  g e o m e t r y  is  
c h o s e n  as a s p h e r e .  F i g u r e  5 shows  the  t e m p e r a t u r e  d i s t r i b u t i o n  about  
a s p h e r e  wi th  an inc iden t  r a d i a t i v e  f lux of one s o l a r  cons tan t  and fo r  
t h r e e  d i f f e r e n t  s u r f a c e  f i n i s h e s :  p o l i s h e d  a l u m i n u m ,  whi te  paint ,  and 
b lack  paint .  The so l id  c u r v e s  dep ic t  the t e m p e r a t u r e  d i s t r i b u t i o n  fo r  
a n o n t h e r m a l l y  conduc t ing  s p h e r e .  The  l ine  l a b e l e d  T s c o r r e s p o n d s  
to a s p h e r e  wi th  inf in i te  t h e r m a l  conduct ion .  The o the r  two c u r v e s  
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Figure 5. Typical test sphere surface temperature distributions. 

c o r r e s p o n d  to t h e r m a l l y  conduc t ing  s p h e r e s  of d i f f e r e n t  wa l l  t h i c k n e s s e s .  
If the  s p h e r e  is  r o t a t i ng ,  t h e n  the  t e m p e r a t u r e s  would  e v e n  m o r e  c l o s e l y  
a p p r o a c h  T s. It shou ld  be no ted  that  if e l e c t r o n i c  e q u i p m e n t  (heat  g e n -  
e r a t i n g  o r  power  d i s s i pa t i ng )  w e r e  in o p e r a t i o n  onboa rd  the s p h e r e ,  t h e n  
the  t e m p e r a t u r e s  shown in Fig .  5 would  be h i g h e r .  

It m i g h t  be w e ] / t o  note  h e r e  that  when  p o w e r  d i s s i p a t i n g  e q u i p m e n t  
is o n b o a rd  a s p a c e  v e h i c l e ,  l o c a l  ho t spo t s  m a y  be c r e a t e d .  Th i s  is  w h e r e  
the  IR c a m e r a  would be of e x t r e m e  va lue ,  s i n c e  it can  e s p e c i a l l y  d e t e c t  
h i g h e r  t e m p e r a t u r e s .  Fo r  in i t i a l  u se ,  the  IR c a m e r a  could be u se fu l  fo r  
d e t e c t i n g  the  l o c a t i o n  of ho t spo t s  on m o d e l s .  Viewing  the  t e s t  ob j ec t  wi th  
the  IR c a m e r a  would then  he lp  to p inpoin t  l o c a t i o n s  w h e r e  t h e r m o c o u p l e s  
shou ld  be p l aced  in o r d e r  to m o r e  d e a r l y  de f ine  the t e m p e r a t u r e  in the  
v i c in i t y  of the  hotspot .  P r e s e n t l y ,  s i n c e  t h e r m o c o u p l e s  cannot  be p l aced  
e v e r y w h e r e ,  it i s  p o s s i b l e  that  a p i e c e  of h a r d w a r e  could be t e s t e d  wi th -  
out l o c a t i n g  the  ho t spo t s  which  would ind ica t e  fau l ty  f a b r i c a t i o n  ( insu la t ion)  
or  the  o v e r h e a t i n g  o r  m a l f u n c t i o n  of onboa rd  e l e c t r o n i c s .  As an in i t i a l  
u s e  of the  IR c a m e r a  it would be p o s s i b l e  to at l e a s t  l o c a t e  t h e s e  p r o b -  
l e m s  a r e a s  and then  a m o r e  d e t a i l e d  i n v e s t i g a t i o n  could be p e r f o r m e d  
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wi th  t h e r m o c o u p l e s .  U l t i m a t e l y ,  the IR c a m e r a  would  be u s e d  to  q u a n -  
t i t a t i v e l y  and q u a l i t a t i v e l y  d e t e r m i n e  the l o c a t i o n s  and t e m p e r a t u r e  
l e v e l s  of the h o t s p o t s  and the e n t i r e  t e s t  v e h i c l e .  

3.2 12V CHAMBER DESCRIPTION 

A s k e t c h  of the  12V t h e r m a l  v a c u u m  c h a m b e r  is s h o w n  in F ig .  6. 
The  c h a m b e r  w a l l s  a r e  l i n e d  wi th  a l i q u i d - n i t r o g e n - c o o l e d  l i n e r .  A l s o ,  
t h e r e  is a v i e w p o r t  in the t e s t  s e c t i o n  of the  c h a m b e r .  S ince  an IR 
c a m e r a  cannot  be u s e d  in v a c u u m ,  the  c a m e r a  m u s t  be m o u n t e d  ou t s ide  
the  c h a m b e r  and  v i ew the t e s t  a r t i c l e  t h r o u g h  the  por t .  The  s o l a r  s i m u -  
l a t o r  (Ref. 5) u s e d  to i r r a d i a t e  the t e s t  a r t i c l e  is an o f f - a x i s  s y s t e m  
c o n s i s t i n g  of t h r e e  b a s i c  c o m p o n e n t s :  a s o u r c e  l a m p  a r r a y ,  an  op t i ca l  
i n t e g r a t i n g  l e n s  s y s t e m ,  and a c o l l i m a t i n g  m i r r o r .  The  s o u r c e  is an  
a r r a y  of s e v e n  20-kw xenon a r c  l a m p s  in e l l i p t i c a l  r e f l e c t o r s .  The  
r a d i a t i o n  f r o m  the l a m p s  p a s s e s  t h r o u g h  a q u a r t z  i n t e g r a t i n g  l e n s  un i t  

Chamber Walls:  
Emis s iv i t y  - 0 .95 (8 to  14 ~) 
Temperature - 80°K-~  

Quartz  Lens: 
Emis s iv i t y  ~ 0.85 

(8 to  14 ~) 
T~ansmlss iv t ty  = 0 

Solar  Lamp Bank 

s Co l l ima t ing  Mir ror :  
Emis s iv i t y  - 0 .05 (8 to  14 ~) 
Temperature ~ 310OK 

:! 
! 

l 
/ 

/ ii I 

" " Chamber Test  Sec t ion  

~ ( , _  : ~ C a m e r s  View Por t  

.-- / 

"--- Test  Vehic le  

Figure 6. Sketch of 12V chamber. 
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in the  c h a m b e r  wal l  to a 1 0 - f t - d i a m  a l u m i n i z e d  c o l l i m a t i n g  m i r r o r .  
The  m i r r o r  d i r e c t s  a c o l l i m a t e d  b e a m  down into the t e s t  v o l u m e .  
T r a n s m i t t a n c e  and r e f l e c t a n c e  p r o p e r t i e s  of qua r t z  a re  shown  in Fig .  7; 
the  so l i d  c u r v e  c o r r e s p o n d s  to the qua r t z  r e f l e c t a n c e ,  and the d a s h e d  
cu rve  c o r r e s p o n d s  to the  qua r t z  t r a n s m i t t a n c e .  Since  the q u a r t z  wi l l  
t r a n s m i t  r a d i a t i o n  up to about 3 .5  ~ ,  the  xenon  l a m p s  wi l l  ac t  as  a 
h igh  IR n o i s e  s o u r c e  below 3 .5  ~ .  In o r d e r  to avoid  the l a m p s  as a 
n o i s e  s o u r c e  it is n e c e s s a r y  to use  an I-IgCdTe d e t e c t o r  wh ich  r e s p o n d s  
in the  8-  to 14-~ r e g i o n .  F i g u r e  7 shows  the  qua r t z  l e n s  to be opaque 
in th i s  w a v e l e n g t h  r e g i o n ,  thus  b lock ing  any IR n o i s e  (8 to 14 ~ ) f r o m  
the  xenon  l a m p s  f r o m  e n t e r i n g  the  c h a m b e r .  The  two s i g n i f i c a n t  s o u r c e s  
of IR c h a m b e r  no i se  (8 to 14 # ) a s s o c i a t e d  wi th  the  12V c h a m b e r  a r e  the  
c o l l i m a t i n g  m i r r o r  and the  qua r t z  i n t e g r a t i n g  l ens .  The  c o l l i m a t i n g  
m i r r o r  has  an e m i s s i v i t y  of about 0 .05  (8 to 14 ~ ), and the  q u a r t z  l e n s  
has  an e m i s s i v i t y  of about 0.. 65 (310°K) (8 to 14 ~ ) . '  T h e s e  s o u r c e s  of 
IR no i se  (8 to 14/~ ) b e c o m e  m o r e  i n t e n s e  as the  t e m p e r a t u r e  of the 
m i r r o r  anal l e n s  i n c r e a s e s .  The  s i g n i f i c a n c e  of t h e s e  IR n o i s e  s o u r c e s  
a l so  d e p e n d s  upon the  t e s t  v e h i c l e  s u r f a c e  t e m p e r a t u r e  and e m i s s i v i t y .  
A d e t a i l e d  m a t h e m a t i c a l  d e s c r i p t i o n  and a p a r a m e t r i c  a n a l y s i s  of t h e s e  
n o i s e  s o u r c e s  wi l l  be d i s c u s s e d  l a t e r .  It shou ld  be po in ted  out tha t  f o r  
t e s t i n g  wi th  the  s o l a r  s i m u l a t o r  off, the  c h a m b e r  is p r a c t i c a l l y  n o i s e  
f r e e  s i n c e  the i n t e g r a t i n g  l e n s  and c o l l i m a t i n g  m i r r o r  b e c o m e  v e r y  
cold due to r a d i a t i v e  cool ing.  
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Figure 7. Transmittance and reflectance of quartz, 1 cm thick. 
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3.3 MARK I CHAMBER DESCRIPTION 

A sketch (Ref. 7) depicting the main features of the Mark I chamber 
is shown in Fig. 8. The chamber is 42 ft in diameter, 82 ft high, and 
has elliptical heads. The nominal working dimensions of the chamber 
are 34 ft in diameter and 65 ft in height. To conduct thermal balance 
tests, the Mark I chamber has an array of I, 000-w quartz envelope- 
tungsten iodide lamps., The significant point about these lamps is the 
quartz envelope. As noted in Fig. 7, the quartz will be transparent to 
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Figure 8. Sketch of Mark I chamber. 
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a l m o s t  al l  of the s o l a r  e n e r g y .  Howeve r ,  it wi l l  a p p e a r  as opaque to 
r a d i a t i o n  in the  8- to 14-/~ r e g i o n  and does  not al low any IR n o i s e  
(8 to 14/~ ) f r o m  the i n t e r n a l  po r t i on  of the  l a m p  to be p r e s e n t  i n s i d e  the  
c h a m b e r .  But the qua r t z  enve lope  wi l l  e m i t  e n e r g y  in the  8- to 14-~ 
w a v e l e n g t h  r e g i o n  c h a r a c t e r i s t i c  of the quar t~  e n v e l o p e  t e m p e r a t u r e  wi th  
an e m i s s i v i t y  of about 0 .65 .  The  e m i s s i o n  by t h e s e  q u a r t z  e n v e l o p e s  is 
a l a r g e  s o u r c e  of IR no i se .  The r e m a i n d e r  of the  Mark  I c h a m b e r  is  
e s s e n t i a l l y  f r e e  of IR no i s e ,  s i n c e  the e n t i r e  a r e a  of the c h a m b e r  is  
m a i n t a i n e d  at l i q u i d ~ n i t r o g e n  t e m p e r a t u r e .  The  i n f r a r e d  n o i s e  (8 to 14 ~ ) 
e m i t t e d  by the  qua r t z  e n v e l o p e s  depends  upon the  t e m p e r a t u r e  of the  
e n v e l o p e s .  An exac t  t e m p e r a t u r e  is not  known;  h o w e v e r ,  s e v e r a l  
h u n d r e d  d e g r e e s  Ke lv in  would be a r e a s o n a b l e  t e m p e r a t u r e .  

An IR noise source with such a high temperature would render the 
Mark I chamber unapplicable for use of the IR scanning camera with the 
solar simulator in operation. This is because the radiation emitted by 
the quartz envelope and subsequently reflected from the test article would 
be much larger than the radiant power emitted by the test article. To 
determine the temperature of a body, the IR camera must primarily 
respond to the emitted radiant power from the test article and not to the 
reflected radiation emitted from the quartz envelopes. The IR camera 
would still be useful for low reflecting test articles (blackbodies), since 
the reflected power would be negligible. Also, the IR camera would 
still be useful for a test not requiring use of the solar simulator. Even 
when the solar simulator is operating, the IR camera might still provide 
qualitative information. The quartz envelopes on the tungsten iodide 
lamps would require cooling in order to usefully employ the IR camera 
for temperature measurement of nonblack surfaces in the Mark I chamber 
when the solar simulator is operating. 

3.4 ANALYSIS OF 12V AND MARK I CHAMBERS 

As poin ted  out e a r l i e r  (Sect ion 3 .2)  the  IR s c a n n i n g  c a m e r a  r e -  
sponds  to the  r a d i a t i v e  p o w e r  l e a v i n g  a s m a l l  a r e a  e l e m e n t  in i ts  f i e ld  
of v iew,  and the  i m a g e  p r o d u c e d  by the  c a m e r a  is  the c o m p o s i t e  of 
t h e s e  s m a l l  a r e a  s i gna l s .  The  s i gna l s  coming  f r o m  t h e s e  s m a l l  a r e a s  
a r e  c o m p o s e d  of two c o m p o n e n t s :  r a d i a t i o n  e m i t t e d  by an a r e a  e l e m e n t  
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and r a d i a t i o n  which  is r e f l e c t e d  f r o m  an a r e a  e l e m e n t .  As  m e n t i o n e d ,  
the r a d i a t i o n  r e f l e c t e d  f r o m  an a r e a  e l e m e n t  o r i g i n a t e s  f r o m  two s o u r c e s  
(IR n o i s e  s o u r c e s  - -  8 to 14 ~) :  the qua r t z  i n t e g r a t i n g  l e n s  and the  
a l u m i n i z e d  c o l l i m a t i n g  m i r r o r .  The  IR c a m e r a  cannot  d i s t i n g u i s h  
b e t w e e n  the  r a d i a t i v e  power  e m i t t e d  f r o m  the  s m a l l  a r e a  e l e m e n t  and 
the  r a d i a t i o n  r e f l e c t e d  f r o m  the a r e a  e l e m e n t ;  thus ,  it is  i n s t r u c t i v e  
to d e t e r m i n e  how t h e s e  IR n o i s e  s o u r c e s  af fec t  the  c a m e r a  output fo r  
12V app l i ca t ions .  

A s s u m e  that  the c a m e r a  was  c a l i b r a t e d  wi th  the  s o l a r  s i m u l a t o r  
not  o p e r a t i n g  and us ing  a b lackbody  s o u r c e .  The  b lackbody  t e m p e r a t u r e .  
is v a r i e d  to d e t e r m i n e  the c o r r e s p o n d i n g  c a m e r a  ana log  s igna l  (vol tage) .  
Knowing  the  s u r f a c e  e m i s s i v i t y  or  r e f l e c t i v i t y  (8 to 14 ~ ) of the  v a r i o u s  
pa in t s  u s e d  on a t e s t  v e h i c l e ,  t hen  the c a l i b r a t i o n  c u r v e s  can e a s i l y  be 
a d j u s t e d  to account  fo r  the  fact  that  the  s u r f a c e  e m i s s i v i t y  is d i f f e r e n t  
f r o m  that  of a b lackbody  (unity e m i s s i v i t y ) .  The  q u e s t i o n  now is ,  what  
t e m p e r a t u r e  wi l l  the  c a m e r a  c a l i b r a t i o n  y i e l d  when  the  c a m e r a  is u s e d  
wi th  the  s o l a r  s i m u l a t o r  o p e r a t i n g  and the  c a m e r a  s u b j e c t e d  to the  n o i s e  
s i g n a l s  of the  qua r t z  i n t e g r a t i n g  l e n s  and the  a l u m i n i z e d  c o l l i m a t i n g  
m i r r o r .  The  in f luence  of t h e s e  n o i s e  s o u r c e s  depends  on s e v e r a l  p a r a m -  
e t e r s  such  as l e n s  t e m p e r a t u r e ,  l e n s  e m i s s i v i t y ,  m i r r o r  t e m p e r a t u r e ,  
m i r r o r  e m i s s i v i t y ,  t e s t  appa ra tus  t e m p e r a t u r e ,  and t e s t  a p p a r a t u s  
e m i s s i v i t y .  Also ,  the c h a m b e r  no i se  wi l l  depend  upon w h e t h e r  the  t e s t  
a r t i c l e  is a d i f fuse  o r  s p e c u l a r  r e f l e c t o r .  The  r e s u l t s  of s e l e c t i n g  
r e a l i s t i c  v a l u e s  fo r  t h e s e  p a r a m e t e r s  a r e  shown in T a M e s  1 and 2. 

No s u r f a c e  is p e r f e c t l y  d i f fuse  or  p e r f e c t l y  s p e c u l a r ;  thus ,  a r e a l  
s u r f a c e  wi l l  y i e l d  r e s u l t s  s o m e w h e r e  in b e t w e e n  t h e s e  idea l s .  F i g u r e  5 
m a y  be u s e d  to obta in  an idea  of the  t e m p e r a t u r e  l e v e l  of s u r f a c e s  of 
v a r i o u s  s o l a r  a b s o r p t a n c e s  and IR e m i s s i v i t i e s .  T h e s e  s u r f a c e  t e m p e r -  
a t u r e s  m a y ,  h o w e v e r ,  be changed  (h ighe r  or  l o w e r )  d e p e n d i n g  upon 
w h e t h e r  e n e r g y  a b s o r b i n g  ( c r y o g e n i c  f lu ids)  o r  e n e r g y  d i s s i p a t i n g  
( e l e c t r o n i c s ,  e tc .  ) e q u i p m e n t  a r e  onboa rd  the  t e s t  v e h i c l e .  It shou ld  
a l so  be po in ted  out that  pa in ted  s u r f a c e s  a p p e a r  as  d i f fuse  s u r f a c e s ,  
w h e r e a s  h igh ly  p o l i s h e d  s u r f a c e s  a p p e a r  as s p e c u l a r  s u r f a c e s .  
P r e s e n t l y ,  the  w a t e r - c o o l e d  c o l l i m a t i n g  m i r r o r  in the 12V c h a m b e r  
o p e r a t e s  at about  310~K (100°F). The  qua r t z  i n t e g r a t i n g  l e n s  t e m p e r a -  
t u r e  is not  a c c u r a t e l y  known;  h o w e v e r ,  by w a t e r  coo l ing  the  f l ange  
ho ld ing  th i s  qua r t z  l e n s  it shou ld  be e a s i l y  coo led  to 310~K (100°F). 
In a c c o r d a n c e  wi th  Fig .  5, the  r a n g e  of t e s t  a r t i c l e  s u r f a c e  t e m p e r a -  
t u r e s  has  b e e n  v a r i e d  f r o m  250 to 450~K. It was  found that  the  g r e a t e s t  
s o u r c e  of IR n o i s e  in the  12V c h a m b e r  is  the  c o l l i m a t i n g  m i r r o r .  The 
only m e t h o d  to r e d u c e  th i s  n o i s e  s o u r c e  would  be to use  s o m e  o t h e r  
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Table 1. Temperature Error Caused in 12V Chamber by IR 
Noise Sources. Diffuse Model 

TTV, °X 

2 5 0  
2 7 5  
3 0 0  
3 2 5  
3 5 0  
3 7 5  
400  
4 2 5  
450  

RTV - 0 . 9 5  
TL - 3 1 0 ° K  
TM - 3 1 0 ° K  

2 5 7 . 1 2 "  
2 8 0 . 7 4 *  
3 0 4 . 7 9 *  
3 2 9 . 0 9 *  
3 5 3 . 5 8 *  
3 7 8 . 2 0 *  
~02.90" 
4 2 7 . 6 7 *  
4 5 2 . 4 8 *  

RTV - 0 . 7 5  
- 310OK 

TM - 310°K  

2 5 1 . 1 4 "  
• 2 7 5 . 9 1 "  

3 0 0 . 7 6 *  
3 2 5 . 6 5  
3 5 0 . 5 7  
3 7 5 . 5 0  
4 0 0 . 4 6  
4 2 5 . 4 2  
4 5 0 . 3 9  

RTV - 0 . 6 5  
TL = 310oK 
TM - 3 1 0 ° K  

2 5 0 . 7 1 ,  
2 7 5 . 5 6 *  
300.47 
3 2 5 . 4 0  
3 5 0 . 3 5  
3 7 5 . 3 1  
4 0 0 . 2 8  
4 2 5 . 2 6  
4 5 0 . 2 4  

RTV - 0 . 4 5  RTV = 0 . 2 5  RTV = 0 . 0 5  
TTV, OK TL - 310OK TL - 3 1 0 ° K  TL = 310OK 

TM - 3 1 0 ° K  TM - 3 1 0 ° ] [  TM - 310OK 

2 5 0  
2 7 5  
300  
3 2 5  
350  
3 7 5  
400  
4 2 5  
4 5 0  

2 5 0 . 3 1 "  
2 7 5 . 2 5  
3 0 0 . 2 1  
3 2 5 . 1 8  
3 5 0 . 1 5  
3 7 5 . 1 4  
4 0 0 . 1 2  
4 2 5 . 1 1  
4 5 0 . 1 1  

2 5 0 . 1 3  
2 7 5 . 1 0  
3 0 0 . 0 8  
3 2 5 . 0 7  
3 5 0 . 0 6  
3 7 5 . 0 6  
4 0 0 . 0 5  
4 2 5 . 0 5  
4 5 0 •  04  

2 5 0 . 0 2  
2 7 5 . 0 2  
3 0 0 . 0 1  
3 2 5 . 0 1  
3 5 0 . 0 1  
3 7 5 . 0 1  
4 0 0 . 0 1  
4 2 5 . 0 1  
4 5 0 . 0 1  

* S i g n a l  b e l o w  m i n i m u m  d e t e c t a b l e  s i g n a l  . 
TTV - T r u e  t e m p e r a t u r e  of t e s t  v e h i c l e  
RTV - R e f l e c t a n c e  o f  t e s t  v e h i c l e  

TL - T e m p e r a t u r e  o f  i n t e g r a t i n g  l e n s  
TM - T e m p e r a t u r e  o f  c o 1 1 1 m a t l n g  m i r r o r  

Table 2. Temperature Error Caused in 12V Chamber by IR 
Noise Sources, Specular Model 

RTV - 0 . 9 5  RTV - 0 . 7 5  RTY - 0 . 6 5  
'I"I"Y, °X ~ - 310°K  ~ - 310°K  TL - 310OK 

TM - 310°K  TM - 310o1( TM - 31D°K 

250 
275 
300 
325 
350 
375 
400 
425 
450 

3 4 1 . 8 9 ,  
355.77* 
3 7 1 . 6 8 ,  
3 8 9 . 3 1 "  
4 0 8 . 3 1 "  
428 44*  
4 4 9 . 4 4 *  
4 7 1 . 1 4 "  
4 9 3 . 3 9 *  

2 6 9 . 5 2 *  
2 9 0 . 9 8 *  
3 1 3 • 4 6 ,  
3 3 6 . 6 1  
3 6 0 . 2 4  
3 8 4 • 1 8  
4 0 8 . 3 5  
4 3 2 . 6 9  
4 5 7 . 1 6  

2 6 2 . 4 7 *  
2 8 5 . 1 4 "  
3 0 8 . 4 6  
3 3 2 . 2 7  
3 5 6 . 3 9  
3 8 0 . 7 2  
4 0 5 . 2 0  
4 2 9 . 7 9  
4 5 4 . 4 5  

RTV = 0 . 4 5  RTV = 0 . 2 5  RTV - . 0 . 0 5  
TTV, OK TL = 310°K TL = 310OK TL - 310OK 

TM = 3 1 0 ° K  314 - 310OK TM - 3 1 0 ° K  

250 
275 
300 
325 
350 
37 5 
400 
425 
450 

2 5 5 . 6 8 *  
279•  56 
3 0 3 . 7 8  
3 2 8 . 2 3  
3 5 2 . 8 3  
3 7 7 . 5 3  
4 0 2 . 2 9  
4 2 7 . 1 1  
4 5 1 . 9 6  

2 5 2 . 3 3  
2 7 6 . 8 6  
3 0 1 . 5 4  
3 2 6 . 3 2  
3 5 1 . 1 5  
3 7 6 . 0 3  
4 0 0 . 9 3  
4 2 5 . 8 6  
4 5 0 . 0 8  

2 5 0 . 3 7  
2 7 5 . 2 9  
3 0 0 . 2 4  
3 2 5 . 2 1  
3 5 0 . 1 8  
3 7 5 . 1 6  
4 0 0 . 1 5  
4 2 5 . 1 4  
4 5 0 . 1 3  

*Signal below minimum detectable signal 
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coolant  than  w a t e r ,  such  as f r eon .  H o w e v e r ,  th i s  would  r e q u i r e  add i -  
t iona l  cos t .  B e c a u s e  of t h i s ,  the  c a l cu l a t i ons  w e r e  p e r f o r m e d  by 
a s s u m i n g  the  c o l l i m a t i n g  m i r r o r  to be only w a t e r  cooled .  An ou t l ine  
of the  d e r i v a t i o n  of the equa t ions  u s e d  f o r  the  r e s u l t s  shown  in  T a b l e s  
1 and 2 is p r e s e n t e d  in Append ix  B. 

In Tab le  1 the  s y m b o l s  TTV, RTV, TL,  and TM r e p r e s e n t  the  
t r u e  t e m p e r a t u r e  of the  t e s t  v e h i c l e ,  the  r e f l e c t a n c e  of the  t e s t  v e h i c l e ,  
the  t e m p e r a t u r e  of the i n t e g r a t i n g  l e n s ,  and the  t e m p e r a t u r e  of the 
c o l l i m a t i n g  m i r r o r ,  r e s p e c t i v e l y .  The  v a l u e s  in the  t ab le  a r e  t h o s e  
wh ich  the  c a m e r a  would ind ica t e .  F o r  h igh  s u r f a c e  r e f l e c t a n c e s  and 
low t e m p e r a t u r e s  it is s e e n  that  the  r a d i a t i o n  s igna l  i nc iden t  upon the  
c a m e r a  is be low the  m i n i m u m  d e t e c t a b l e  s i gna l  of the  c a m e r a .  H o w e v e r ,  
in the  r a n g e  of d e t e c t a b l e  r a d i a t i o n  l e v e l s  the  c a m e r a  is s e e n  to y i e l d  
t e m p e r a t u r e s  wi th in  1 ~  of the  t r u e  va lue .  The  r e s u l t s  in Tab le  1 a r e ,  
of c o u r s e ,  fo r  a d i f fuse  t e s t _ a r t i c l e .  H e r e  it is  s e e n  that  fo r  d i f fuse ly  
r e f l e c t i n g  o b j e c t s  the  IR c a m e r a  is  not  l i m i t e d  by IR c h a m b e r  n o i s e  
but by the  m i n i m u m  d e t e c t a b l e s i g n a l .  

Tab le  2 shows  the  e f fec t  of the  12V c h a m b e r  n o i s e  fo r  a s p e c u l a r  
m o d e l .  The  t e m p e r a t u r e s  w h i c h  the  c a m e r a  would  y i e l d  a r e  s e e n  in 
c o m p a r i s o n  to the  t r u e  t e m p e r a t u r e  of the  t e s t  v e h i c l e .  In TaMe  2 the  
foo tnote  i n d i c a t e s  that  fo r  h igh ly  r e f l e c t i n g  t e s t  a r t i c l e s  and low t e m -  
p e r a t u r e s  the c a m e r a  is l i m i t e d  by i t s  m i n i m u m  d e t e c t a b l e  s igna l .  When  
the  c a m e r a  is o p e r a t i n g  in the r a n g e  above the m i n i m u m  d e t e c t a b l e  t e m -  
p e r a t u r e  it is s e e n  that  fo r  RTV = 0 .75  the  m a x i m u m  t e m p e r a t u r e  e r r o r  
is  about 12~K at TTV = 325°K. If it is r e q u i r e d  that  a m a x i m u m  e r r o r  
of 5~K be e s t a b l i s h e d ,  then  it is s e e n  that  the  c h a m b e r  IR n o i s e  s o u r c e s  
invoke  an add i t iona l  l i m i t  on the c a m e r a ' s  r a n g e  of app l i cab i l i t y .  F i g u r e  
9 shows  a s u m m a r y  of the r e s u l t s  d e p i c t e d  in Tab l e s  1 and 2. R e q u i r e -  
m e n t s  in Fig.  9 a r e  that  the  m a x i m u m  t e m p e r a t u r e  e r r o r  be 5~K. The  
c u r v e  m a r k e d  d i f fuse  is l i m i t e d  only by the  m i n i m u m  d e t e c t a b l e  s i g n a l  
of the  IR c a m e r a .  The  e m i t t a n c e  c o r r e s p o n d s  to the emi t t a r i ce  in the  
8-  to 14-~ w a v e l e n g t h  r eg ion .  The  cu rve  m a r k e d  s p e c u l a r  shows  the  
c a m e r a  is m o r e  s i gn i f i c an t l y  a f fec ted  by IR c h a m b e r  n o i s e  fo r  s p e c u l a r  
s u r f a c e s  as opposed  to d i f fuse  s u r f a c e s .  The  r a n g e  of app l i cab i l i t y  fo r  
the  d i f fuse  and s p e c u l a r  s u r f a c e s  is  the  r e g i o n  of Fig .  9 which  l i e s  to 
the  r i g h t  and top of the  c u r v e s  m a r k e d  d i f fuse  and s p e c u l a r ,  r e s p e c t i v e l y .  
S ince  the  IR c a m e r a  p e r f o r m a n c e  fo r  d i f fuse  s u r f a c e s  is  l i m i t e d  only by 
the  IR c a m e r a ' s  abi l i ty  to d e t e c t  a s m a l l  s igna l ,  the  cu rve  m a r k e d  d i f fuse  
is the b e s t  that  can be expec t ed .  The  cu rve  m a r k e d  s p e c u l a r  is sh i f t ed  
f r o m  the  d i f fuse  cu rve  due to c h a m b e r  IR no i se .  The  s p e c u l a r  c u r v e  
can be m a d e  to a p p r o a c h  the d i f fuse  c u r v e  by r e d u c I n g  the  c h a m b e r  IR 
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Applicability range of the IR scanning camera in 1he 12V 
chamber for 5°K maximum temperature error. 

n o i s e .  T h i s  can  be a c c o m p l i s h e d  by coo l ing  the  c o l l i m a t i n g  m i r r o r  wi th  
f r e o n  f o r  e x a m p l e  and,  t h e r e f o r e ,  r e d u c i n g  the  i n t e n s i t y  of the  n o i s e  
e m a n a t i n g  f r o m  the  c o l l i m a t i n g  m i r r o r .  

The  d i f fuse  c u r v e  in F ig .  9 is  a c t u a l l y  va l id  f o r  t e m p e r a t u r e  
m e a s u r e m e n t  w i th in  I~K a c c u r a c y  as s e e n  f r o m  T a M e  1. It shou ld  
be po in ted  out tha t  the  s p e c u l a r  c u r v e  wi l l  be sh i f t ed  to the  l e f t  if the  
t e m p e r a t u r e  e r r o r  r e q u i r e m e n t s  a r e  r e l a x e d  and wi l l  be sh i f t ed  to 
the  r i g h t  if the  t e m p e r a t u r e  e r r o r  r e q u i r e m e n t s  a r e  t i gh t ened .  If, 
h o w e v e r ,  the  m a x i m u m  t e m p e r a t u r e  e r r o r  of 5 ~  is m a i n t a i n e d ,  t hen  
f r o m  TaMe  2 it can  be s e e n  that  the c a m e r a  can  s t i l l  be u s e f u l  f o r  
d e t e c t i n g  ho t spo t s  a l though  the a b s o l u t e  v a l u e  of the  t e m p e r a t u r e  
m e a s u r e m e n t  w i l l  not  be wi th in  5 ~  fo r  a s p e c u l a r  s u r f a c e .  F o r  
e x a m p l e ,  if RTV = 0 .65  and t h e r e  is a l o c a l  ho t spo t  of 325~K in a 
r e g i o n  s u r r o u n d e d  by t e m p e r a t u r e s  of 300°K, the t e m p e r a t u r e  d i f -  
f e r e n c e  would  be 25~K. The  IR c a m e r a  would  y i e l d  t e m p e r a t u r e s  
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of 332 .27°K and 308 .46°K,  thus  ind ica t ing  a ho t spo t  hav ing  a t e m p e r -  
a tu r e  d i f f e r e n c e  of 23.81~K. Thus ,  a l though  the  t e m p e r a t u r e  m e a s -  
u r e m e n t s  would  not be wi th  a 5°K t o l e r a n c e  fo r  e a c h  spot ,  the  IR 
c a m e r a  could s t i l l  be u s e d  to d e t e r m i n e  the  l o c a t i o n  of ho t spo t s  by 
de f in ing  t e m p e r a t u r e  d i f f e r e n c e s .  It shou ld  a l so  be m e n t i o n e d  that  
the  s p e c u l a r  c u r v e  in Fig .  9 could a l so  be sh i f t ed  to the  l e f t  by u s ing  
one r e f e r e n c e  t h e r m o c o u p l e  in o r d e r  to c o r r e c t  fo r  the IR c h a m b e r  
no i se .  

A l so  shown in Fig.  9 is  s o m e  of the  da ta  f r o m  Fig .  5. Th i s  
shows  that  d e t e r m i n a t i o n  of the e n t i r e  t e m p e r a t u r e  r a n g e  of the  b l ack  
pa in t ed  s p h e r e  could  be ob ta ined  wi th  the IR c a m e r a .  Only the  m e a s -  
u r e m e n t  of poin ts  n e a r  the  top of the whi te  pa in ted  s p h e r e  could be 
m e a s u r e d ;  the bo t t om po r t i on  of the whi te  s p h e r e  is below the m i n i m u m  
d e t e c t a b l e  s igna l .  The  p o l i s h e d  a l u m i n u m  s p h e r e  would  not be d e t e c t -  
able  s i n c e  it is  a s p e c u l a r  s u r f a c e  and has  a v e r y  h igh  r e f l e c t a n c e  in 
the  8-  to 14-/~ w a v e l e n g t h  r e g i o n .  

T a b l e s  3 and 4 show the  e f fec t  of the  IR n o i s e  s o u r c e s  in the  Mark  
I c h a m b e r ;  t h e s e  t a b l e s  c o r r e s p o n d  to the  p r e s e n t  s o l a r  s i m u l a t o r  in the 
Mark  I c h a m b e r  equ ipped  wi th  a w a t e r - c o o l e d  qua r t z  c o v e r  o v e r  the  end  

Table 3. Temperature Error Caused in Mark I Chamber by IR Noise Sources, 
Diffuse Model, Present Solar (Tungsten Lamps) 

TTV. OK 

250 
275 
300 
325 
350 
375 
400 
425 
450 

RTV = 0 . 9 5  
TL ~ 310OK 

I 
3 0 4 . 4 5 "  
3 2 1 . 4 4 "  
3 4 0 . 2 6 *  
3 6 0 . 4 5 *  
3 8 1 . 6 9 "  
4 0 3 . 7 2 *  
4 2 6 . 3 4 *  
4 4 9 . 4 3 *  
4 7 2 . 8 5 *  

RTV = 0 . 7 5  
TL L 310°K 

I 

2 6 0 . 4 6 *  
2 8 3 . 4 5 *  
3 0 7 . 0 5 *  
3 3 1 . 0 5  
3 5 5 . 3 2  
3 7 9 . 7 6  
4 0 4 . 3 2  
4 2 8 . 9 7  
4 5 3 . 6 9  

RTV ~ 0 . 6 5  
TL ~ 3 1 0 ° K  

256 58* 
280.30*  
304,41 
328.77 
353.30 
377.94 
402.67 
427.46 
452.29 

TTV, OK RTV = 0 . 4 5  RTV = 0 . 2 5  RTV " 0 . 0 5  
TL = 3 1 0 ° K  TL = 3 1 0 ° K  TL L 310OK 

250  
2 7 5  
300  
3 2 5  
350  
3 7 5  
400  
4 2 5  
450  

2 5 2 . 9 3 *  2 5 1 . 2 0  
2 7 7 . 3 4  2 7 5 . 9 5  
3 0 1 . 9 4  3 0 0 . 7 9  
3 2 6 . 6 6  3 2 5 . 6 8  
3 5 1 . 4 5  3 5 0 . 5 9  
3 7 6 . 3 0  3 7 5 . 5 3  
4 0 1 . 1 8  4 0 0 . 4 8  
4 2 6 . 0 8  4 2 5 . 4 4  
4 5 1 . 0 1  ' 4 5 0 , 4 1  

250  19 
2 7 5 . 1 5  
3 0 0 . 1 2  
3 2 5 . 1 1  
3 5 0 . 0 9  
3 7 5 . 0 8  
4 0 0 . 0 8  
4 2 5 . 0 7  
4 5 0 . 0 6  

* 8 x g n a l  b e l o w  m i n i m u m  d e t e c t a b l e  s i g n a l  
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Table 4. Temperature Error Caused in Mark I Chamber by IR Noise Sources, 
Specular Model, Present Solar (Tungsten Lamps) 

' 1 ~ ,  OK R'I"Y = 0 . 9 5  R'I"Y - 0 . 7 5  R'W - 0 . 6 5  
' I ~  = 3 1 0 ° K  ~ " 3 1 0 ° K  '1'1, = 310°K 

250 
275 , 
300 
325 
350 
375 
400 
425 
450 

4 9 8 . 9 5 *  
5 0 6 . 8 4 *  
5 1 6 . 9 9 "  
5 2 8 . 8 2 *  
5 4 2 . 2 0  s 
5 5 7 . 0 1 "  
573 .08*  
590 .26*  
6 0 8 . 4 1 .  

3 1 5 . 6 0 ,  
3 3 1 . 5 1 ,  
3 4 9 . 6 0 *  
368 .72  
389 .27  
410 .71  
432 .83  
455.51  
478 .58  

2 9 4 . 3 1 ,  
3 1 2 . 4 0 ,  
332 .17  
353 .17  
375 .09  
397 .66  
420 .74  
444 .19  
467 .93  

t 

TTV, OK RTV = 0 . 4 5  RTV = 0 . 2 5  RTV - 0 . 0 5  
'EL, - 3 1 0 ° K  "I~ = 3 1 0 ° K  TL = 3 1 0 ° K  

2 5 0  
2 7 5  
300  
3 2 5  
350  
3 7 5  
400  
4 2 5  
450 

2 7 1 . 5 9 .  I 
292 .73  
314 .98  
337 93 
361 .40  
385 .24  
409 .32  
433 .59  
4 5 8 . 0 0  

* S i g n a l  be low mlnlmum d e t e c t a b l e  s i g n a l  

259 .32  
282 .51  
306.27  
330 .38  
354 .72  
379 .22  
403 .83  
428 .52  
4 5 3 . 2 7  

251 .51  
276 .20  

, 301 .00  
325 .85  
350 .75  
375 .67  
400 .60  
425 .56  
4 5 0 . 5 2  

of the  l a m p  c o l l i m a t i n g  tube.  Tabltes 5 and 6 c o r r e s p o n d  to the  IR c a m e r a  
p e r f o r m a n c e  in the M a r k  I c h a m b e r  wi th  the p l anned  xenon  l a m p  s o l a r  
s i m u l a t o r .  Th i s  xenon l a m p  s o l a r  s i m u l a t o r  wi l l  h o r i z o n t a l l y  i r r a d i a t e  
the t e s t  ob jec t .  The  f l a n g e s  ho ld ing  the  q u a r t z  l e n s e s  f o r  th i s  s o l a r  
s i m u l a t o r  wi l l  be w a t e r  coo led .  T h u s ,  the c a l c u l a t i o n s  c o r r e s p o n d i n g  
to T a b l e s  3, 4, 5, and 6 a r e  foz" w a t e r - c o o l e d  q u a r t z  l e n s e s  w h i c h  wi l l  
y i e l d  a t e m p e r a t u r e  of about  310°K (100°F). 

S i m i l a r  to Tab le  3, it is s e e n  tha t  the p r i m a r y  l i m i t  f o r  d i f fuse  
s u r f a c e s  in the M a r k  I c h a m b e r  is the m i n i m u m  d e t e c t a b l e  s i g n a l  
( Ta b l e s  3 and 5). If aga in  a m a x i m u m  t e m p e r a t u r e  e r r o r  of 5°K is 
c o n s i d e r e d ,  then  the p e r f o r m a n c e  of the IR c a m e r a  in the  M a r k  I 
c h a m b e r  f o r  d i f fuse  s u r f a c e s  is s e e n  to be about  the  s a m e  as the 
p e r f o r m a n c e  in the 12V c h a m b e r .  Th i s  is i l l u s t r a t e d  in F ig .  10 
w h e r e  it is  shown  tha t  the r a n g e  of a p p l i c a b i l i t y  fo r  both s o l a r  s i m u -  
l a t o r s  and fo r  d i f fuse  s u r f a c e s  is about  the  s a m e .  The  a p p l i c a b i l i t y  
of the c a m e r a  f o r  s p e c u l a r  s u r f a c e s  is s e e n  to be m u c h  i m p r o v e d  f o r  
the p l anned  s o l a r  in the  M a r k  I as  opposed  to the p r e s e n t  s y s t e m .  The  
IR n o i s e  s o u r c e s  a r e  g r e a t e r  in the M a r k  I c h a m b e r  b e c a u s e  of the  
l a r g e  a r e a  of the  h igh ly  e m i t t i n g  (0 .65  e m i t t a n c e  8 to 14 ~ ) q u a r t z  
(310°K) as opposed  to the  v e r y  low e m i t t i n g  (0 .05 e m i t t a n c e )  c o l l i -  
m a t i n g  m i r r o r  in the  12V c h a m b e r .  T a M e s  4 and 6 i l l u s t r a t e  the 
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Table 5. Temperature Error Caused in Mark I Chamber by IR Noise Sources, 
Diffuse Model, New Solar (Xenon Lamps) 

TTV, OK RTV - 0 . 9 5  RTV • 0 . 7 5  RTV - 0 . 6 5  
'11 ,  - 310OK TL : 310°K TL - 310°K 

250 
275  
300 
325  
350  
375  
400 
425  
450  

3 1 3 . 3 6 "  
3 2 9 . 4 9 *  
3 4 7 . 5 1 "  
3 6 7 . 0 4 *  
3 8 7 . 7 2 *  
4 0 9 . 2 8 *  
4 3 1 . 5 1 "  
4 5 4 . 2 6 *  
4 7 7 . 4 1 "  

2 6 2 . 4 8 *  
2 8 5 . 1 4 "  
3 0 8 . 4 7 *  
332.27  
3 5 6 . 3 9  
3 8 0 . 7 2  
4 0 5 . 2 0  
4 2 9 , 7 9  
4 5 4 . 4 6  

2 5 7 . 8 9 *  
2 8 1 . 3 6 "  
305 .31  
329 .54  
3 5 3 . 9 8  
3 7 8 . 5 5  
403 .22  
427 .97  
452 .76  

TTV, OK RTV - 0 . 4 5  RTV - 0 . 2 5  RTV - 0 . 0 3  
TL - 310OK TL - 3 1 0 ° K .  TL - 310OK 

250 
275 
300 
325 
350 
37.5 
40O 
425 
450 

2 5 3 . 5 4 *  
277 .83  
302 .34  
327 .00  
3 5 1 . 7 5  
376 .56  
401 .42  
426 .31  
451 .22  

251 .44  
2 7 6 . 1 5  
3 0 0 . 9 5  
325 .82  
350 .71  
375 .64  
400 .58  
425 .53  
4 5 0 . 5 0  

250 .23  
275 .18  
3 0 0 . 1 5  
3 2 5 . 1 3  
350 .11  
3 7 5 . 1 0  
400 .09  
4 2 5 . 0 8  
450 .08  

* S i g n a l  b e l o w  minimum d e t e c t a b l e  s i g n a l  

Table 6. Temperature Error Caused in Mark I Chamber by IR Noise Sources, 
Specular Model, New Solar (Xenon Lamps) 

T'rv,  OK RIV = 0 . 9 5  RTV - 0 . 7 5  RTV - 0 . 6 5  
I'I, = 310°K 11, - 310°K '11, - 310°K 

250 
275  
300 
325  
350 
375  
400 
425  
450 

3 5 8 . 8 1 "  
3 7 1 . 6 4 .  
3 8 6 . 5 3 *  
4 0 3 . 1 9 "  
4 2 1 . 3 2 .  
4 4 0 . 6 6 *  
4 6 0 . 9 7 *  
4 8 2 . 0 6 *  
5 0 2 . 7 9 *  

2 7 3 . 9 8 *  
2 9 4 . 7 8 *  
3 1 6 . 7 1 "  
3 3 9 , 4 7  
3 6 2 . 7 6  
3 8 6 . 4 6  
4 1 0 , 4 4  
4 3 4 . 6 3  
4 5 8 . 9 7  

2 6 5 . 4 5 *  
2 8 7 . 5 7 *  
3 1 0 . 5 6  
3 3 4 . 0 8  
3 5 7 . 9 8  
3 8 2 . 1 5  
4 0 6 . 5 0  
4 3 0 . 9 9  
4 5 5 . 5 8  

= = - o TIN,  OK RTV 0 . 4 5  RTV 0 . 2 5  R 
TL - 310°K TL - 310°K - 310 

250 
275 
300 
325 
350 
375 
400 
425 
450 

2 5 7 . 0 7 *  
280 .69  
304 .74  
3 2 9 . 0 5  
3 5 3 . 5 5  
378 .17  
402 .88  
4 2 7 . 6 5  
4 5 2 . 4 6  

252 .92  
2 7 7 . 3 3  
301 .93  
3 2 6 . 6 5  
3 5 1 . 4 5  
3 7 6 . 2 9  
401 .17  
426 .08  
451 .00  

250 .46  
275 .37  
300 .31  
325 .26  
3 5 0 . 2 3  
37 5 . 2 0  
4 0 0 . 1 9  
425 .17  
450 .16  

* S i g n a l  b e l o w  min imum d e t e c t a b l e  s i g n a l  
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Figure 10. Applicability range of the IR scanning camera in the Mark I 
chamber for 5°K maximum temperature error. 

m a g n i t u d e  of the t e m p e r a t u r e  e r r o r  fo r  s p e c u l a r  s u r f a c e s  in the Mark  
I c h a m b e r .  Al though  the  r a n g e  of app l i cab i l i t y  is l i m i t e d  to 5~K e r r o r ,  
the  c a m e r a  can s t i l l  be u s e d  to l oca t e  t e s t  a p p a r a t u s  ho t spo t s  fo r  s p e c -  
u l a r  s u r f a c e s  as was  i l l u s t r a t e d  e a r l i e r  fo r  the 12V c h a m b e r .  A l so  
i n d i c a t e d  in Fig.  10 a r e  the  da ta  f r o m  Fig.  5 dep i c t i ng  the t e m p e r a t u r e  
r a n g e  of the  b lack pa in ted ,  whi te  pa in ted ,  and p o l i s h e d  a l u m i n u m  s p h e r e s .  

F o r  u se  of the IR s c a n n i n g  c a m e r a  in a s s o c i a t i o n  wi th  e i t h e r  the  
12V or  Mark  I v a c u u m  c h a m b e r s ,  it wi l l  be n e c e s s a r y  to e m p l o y  an 
op t ica l  m a t e r i a l  of h igh  IR t r a n s m i s s i o n  (8 to 14/~ ) as a window in the  
c h a m b e r  v i e w p o r t .  Many m a t e r i a l s  a r e  ava i l ab le ,  s o m e  be ing  r e l a -  
t i ve ly  i n e x p e n s i v e ,  such  as s o d i u m  c h l o r i d e .  Shown in Fig .  11 a r e  
s e v e r a l  cand ida t e  IR window m a t e r i a l s  ( sod ium c h l o r i d e  NaC1, p o t a s s i u m  
b r o m i d e  KBr ,  and C e s i u m  b r o m i d e  CsBr ) .  _All t h e s e  m a t e r i a l s  a r e  
s e e n  to have  a t r a n s m i t t a n c e  of 0 .90  or  b e t t e r  in the  8- to 14-p w a v e -  
l e n g t h  r eg io n ;  t h e r e f o r e ,  the c a l cu l a t i ons  m a d e  in th i s  s e c t i o n  (Tab les  
1 t h r o u g h  6 and F igs .  9 and 10) a r e  b a s e d  on a c h a m b e r  window t r a n s -  
m i t t a n c e  of 0 .90 .  
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Figure 11. Candidate materials for an IR viewport window in the 
12V and Mark I chambers, Ref. 7. 

4.0 CALIBRATION AND NECESSARY INPUT DATA 

In o r d e r  to d e t e r m i n e  abso lu t e  t e m p e r a t u r e  f r o m  the c a m e r a  
ana log  s i gna l ,  it wi l l  be n e c e s s a r y  to c a l i b r a t e  the  IR s c a n n i n g  c a m e r a .  
Th i s  wi l l  r e q u i r e  a d e t e r m i n a t i o n  of the  c a m e r a  ana log  s i g n a l  as  a 
func t ion  of b l ackbody  f lux in the 8- to 14-~ w a v e l e n g t h  r a n g e  or  a 
c a l i b r a t i o n  of the c a m e r a  in the 2- to 5-~ band wi th  an a n t i s o l a r  f i l t e r  
a t t a c h e d .  The  f lux  in e i t h e r  of t h e s e  w a v e l e n g t h  r e g i o n s  can  be ad-  
j u s t e d  by v a r y i n g  the b l ackbody  t e m p e r a t u r e .  Once  the ana log  s i g n a l  
as  a func t ion  of b l ackbody  t e m p e r a t u r e  has  been  d e t e r m i n e d ,  the  
c a l i b r a t i o n  can be a d j u s t e d  to a ccoun t  fo r  the s u r f a c e  e m i s s i v i t y  of a 
t e s t  v e h i c l e  be ing  d i f f e r e n t  f r o m  uni ty  (b lackbody  e m i s s i v i t y ) .  The  
c a l i b r a t i o n  can be m a d e  at a t m o s p h e r i c  p r e s s u r e  i n s ide  the c h a m b e r s  
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f o r  t e m p e r a t u r e s  above  a m b i e n t ,  but a coo l ed  v a c u u m  c h a m b e r  wi l l  
be n e e d e d  fo r  low t e m p e r a t u r e  c a l i b r a t i o n .  It wi l l  a l so  be n e c e s s a r y  
tb know or  be ab le  to m e a s u r e  the  m o n o c h r o m a t i c  d i r e c t i o n a l  r e f l e c -  
t a n c e  ( f r o m  w h i c h  the  e m i t t a n c e  is d e t e r m i n e d )  of the  v a r i o u s  s u r f a c e  
f i n i s h e s  and pa in t s  u s e d  on a t e s t  v e h i c l e .  The  B e c k m a n  IR-4 ,  w h i c h  
o p e r a t e s  m o n o c h r o m a t i c a l l y  in the 1- to 14-/~ r a n g e ,  could  be u s e d  to 
m a k e  t h e s e  r e f l e c t a n c e  m e a s u r e m e n t s .  Also ,  the h e m i - e l l i p s o i d a l  
r e f l e c t o m e t e r ,  w h i c h  is o p e r a t i o n a l  fo r  r o o m  t e m p e r a t u r e  m e a s u r e -  
m e n t s ,  could  a l so  be u s e d  to m e a s u r e  the  m o n o c h r o m a t i c  d i r e c t i o n a l  
reflectance. 

The  c a l i b r a t i o n  wi l l  be r e c o r d e d  as  an ana log  s i gna l  v e r s u s  b l a c k -  
body t e m p e r a t u r e  wi th  f n u m b e r  as a p a r a m e t e r .  In o r d e r  to ad jus t  the  
c a m e r a  c a l i b r a t i o n  to a c c o u n t  fo r  the IR n o i s e  s o u r c e s  in the c h a m b e r ,  
the i n t e g r a t i n g  l e n s  and c o l l i m a t i n g  m i r r o r  t e m p e r a t u r e s  would  be 
m o n i t o r e d  in the 12V c h a m b e r  and the c o l l i m a t o r  tube c o v e r  t e m p e r a -  
t u r e  would  be m o n i t o r e d  in the  Mark  I c h a m b e r .  S ince  c a l i b r a t i o n  
s o u r c e s  f r o m  c a m e r a  m a n u f . a c t u r e r s  a r e  a v a i l a b l e  only in the  16 to 
100°C r a n g e ,  it wi l l  be n e c e s s a r y  to s e e k  o r  d e v e l o p  o t h e r  c a l i b r a t i o n  
s t a n d a r d s  ou t s ide  of th i s  r a n g e .  It is  r e c o m m e n d e d  tha t  a l a r g e  b l a c k -  
body (about  6 in. in d i a m e t e r )  be c o n s t r u c t e d  tha t  o p e r a t e s  in the  r a n g e  
of -50 to 100°C. Th i s  could  be d e s i g n e d  and f a b r i c a t e d  v e r y  e c o n o m i -  
ca l l y  f r o m  a l u m i n u m .  

Ref .  
A t y p i c a l  plot of an IR s c a n n i n g  c a m e r a  c a l i b r a t i o n  t a k e n  f r o m  

9 is s h o w n  in F ig .  
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12, w h e r e  the v o l t a g e  output  f r o m  the c a m e r a  

Typical IR Camera Calibration 
Source: Flat-Black-Painted Surface 
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iR scanning camera calibration, Ref. 9. 

27 



AEDC-TR-75-160 

is p lo t t ed  as  a func t ion  of b l ackbody  s o u r c e  t e m p e r a t u r e .  The  au tho r  
of Ref.  8 a s s e r t s  that  r e p e a t a b i l i t y  b e t w e e n  c a l i b r a t i o n s  was  wi th in  
one p e r c e n t .  Shown in Fig .  13 is a t yp i ca l  c a l i b r a t i o n  (Ref. 4) of the  
AGA Model  680 c a m e r a ;  the  i s o t h e r m a l  un i t s  a r e  p r o p o r t i o n a l  to ana log  
vo l t age .  

1000 
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s 5O0 
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- 350 
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0 
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Figure 13. Typical calibra'don curves (-30°C to 850°C) as a 
function of f number. Ref. 5, 

800 850 

The  s c a n n i n g  c a m e r a  wi l l  r e q u i r e  r e c a l i b r a t i o n  b e c a u s e  of the  
use  of f i l t e r s  such  as the  a n t i s o l a r  f i l t e r  and b e c a u s e  of u se  of a v i e w -  
por t  window (Refs.  6 and 9) (in th i s  c a s e  a CaF  2 window).  It i s  a l so  
d e s i r a b l e  to check  the  c a m e r a  s p a t i a l  r e s o l u t i o n ,  wh ich  r e q u i r e s  the  
use  of a c a l i b r a t i o n  b lackbody.  The  b l ackbody  that  wi l l  be d e s i g n e d  
can  be u s e d  fo r  c a l i b r a t i on ,  d e t e r m i n a t i o n  of spa t i a l  r e s o l u t i o n ,  and 
d e t e r m i n a t i o n  of t e m p e r a t u r e  r e s o l u t i o n .  The  spa t i a l  and t e m p e r a t u r e  
r e s o l u t i o n  a r e  both quoted  by c a m e r a  m a n u f a c t u r e r s ;  h o w e v e r ,  it wi l l  
be n e c e s s a r y  to check  t h e s e  v a l u e s  and c a m e r a  c a l i b r a t i o n  p e r i o d i c a l l y .  

5.0 DATA~ COLLECTING AND RECORDING 

One of the  b a s i c  r e q u i r e m e n t s  of u s ing  the  IR s c a n n i n g  c a m e r a  
to obta in  t e m p e r a t u r e  m a p s  of t e s t  a r t i c l e s  is i ts  coupl ing  wi th  a 
c o m p u t e r .  A b lock  d i a g r a m  for  the IR s c a n n i n g  c a m e r a  da ta  s y s t e m  
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is shown  in Fig .  14. Th i s  d i a g r a m  inden t f f i e s  the  flow of i n f o r m a t i o n  
and the  v a r i o u s  c o m p o n e n t s  in the  s y s t e m .  Th i s  da ta  s y s t e m  wi l l  
allow: the  a c q u i s i t i o n  of d ig i t a l  data  f r o m  a v a r i a b l e  s p e e d  IR s c a n n i n g  
c a m e r a  whose  output i s  in ana log  f o r m .  By us ing  th i s  s y s t e m ,  the  
f i e ld  of v iew shown on the c a m e r a  m o n i t o r  can be s t o r e d  and a n a l y z e d  
in p a r t s  or  in i ts  e n t i r e t y .  The  n u m b e r  of l i n e s  p e r  f r a m e  m a y  be 
v a r i e d  a n d / o r  the  n u m b e r  of s a m p l e s  pe r  l i ne  may  be v a r i e d .  The  
data  s y s t e m  p r o v i d e s  a m e a n s  of l ook ing  at the p o r t i o n  of the  p i c t u r e  
be ing  s t o r e d  in the  c o m p u t e r  t h r o u g h  a CRT m o n i t o r .  

Camera 

VR3600 
Tape 

Recorder 
(Optional) 

Vert- S 
Horz- S 
Data 

J lntensity 
Scope 

J V-Slstart Line ~ I n Control 

I 
• Variable I I 

!F~I  Oscillator ~ . 

I L-tin Point ~ Scope- X 
-~Start Control ~l#~copeBlank 

Anal Oat'. Sample I 
I , ~ X lAID Converter I 

t 
Blank I 9300 ~ Printer I 

Computer - ' -i CRT I 

_~Scope - y V - ~ S  
Lines - 100 _1 Line and 

H-S _7 Frame Sync 
I Points : 100 ~1 Indicator 

-I 

Figure 14. Block diagram of IR scanning camera data system. 

The analog  s igna l  f r o m  the c a m e r a  m a y  be r e c o r d e d  on a t ape  
r e c o r d e r  (Fig.  14). The  tape  r e c o r d e r  is r e q u i r e d  only fo r  h igh  da ta  
r a t e s .  Data  m a y  be r e c o r d e d  at h igh  tape  s p e e d  f r o m  the  c a m e r a  and 
then  r e p l a y e d  at a s l o w e r  s p e e d  into the  c a m e r a  da ta  s y s t e m .  Th i s  is  
done b e c a u s e  the da ta  s y s t e m  can only p r o c e s s  100,000 b i t s  of da ta  p e r  
s econd .  

The  da ta  s y s t e m  has  a l i ne  con t ro l  (Fig.  14) wh ich  is  i n i t i a t e d  by 
the  v e r t i c a l  sync  pu lse .  The l i ne  con t ro l  counts  the h o r i z o n t a l  s y n c  
p u l s e s  unt i l  it  r e a c h e s  the  n u m b e r  of l i n e s  s p e c i f i e d  fo r  one f r a m e .  
T h e n  it s e n d s  out a pu l se  to ind ica te  tha t  the  n u m b e r  of l i n e s  c o n s t i -  
tu t ing  one f r a m e  has  b e e n  a t t a ined .  The  n u m b e r  of l i n e s  is c o n v e r t e d  

29 



AEDC-TR-75-160 

to an analog value as it is counted so that this analog voltage can con- 
trol the Y deflection on an oscilloscope. The number of lines per frame 
indicated on the diagram is 100; however, the number can be programmed 
by thumbwheel switches. 

f 

Inc luded  in the da ta  s y s t e m  is  a v a r i a b l e  o s c i l l a t o r  (Fig.  14) wh ich  
is m a n u a l l y  s e t  to o p e r a t e  at s o m e  m u l t i p l e  h o r i z o n t a l  s y n c  f r e q u e n c y .  
Th i s  m u l t i p l e  wi l l  be equa l  to the  n u m b e r  of poin ts  d e s i r e d  p e r  l i n e  
( typ ica l ly  100). 

The point control (Fig. 14) has its operation initiated by the hori- 
zontal pulse signal. The point control counts pulses from the variable 
oscillator (or camera chopper) until it reaches the proper number of 
points for one line. This number can be set with thumbwheel switches. 
When this preset number is reached, it sends out a pulse. In addition, 
it sends out another pulse to indicate when each sample should be taken. 
Like the line control, it generates an analog signal; this signal controls 
the X deflection of a CRT beam. It also sends out a signal for blanking 
the CRT beam while it is retracing. 

The l i ne  and f r a m e  sync  i n d i c a t o r  (Fig.  14) c o m p a r e s  the  t i m i n g  
of the  sync  pu l s e s  wi th  the count c o m p l e t i o n  p u l s e s  to e n s u r e  that  the  
p r o p e r  n u m b e r s  of points  a r e  be ing  p r o d u c e d  b e t w e e n  h o r i z o n t a l  sync  
p u l s e s  and the c o r r e c t  n u m b e r s  of l i n e s  a r e  be ing  g e n e r a t e d  b e t w e e n  
v e r t i c a l  sync  pu l ses .  

The  A/D c o n v e r t e r  shown in Fig .  14 is u s e d  t o . t r a n s f o r m  the  
analog signal into digital information. The analog data are fed contin- 
ually into the converter and are digitized only. when a valid data point 
appears. The sample pulse occurs simultaneously with the valid data 
point and activates the converter. The digitized data are then stored 
in the SDS 9300 computer. The scope (Fig. 14) is an optional feature 
which will allow viewing the picture which is actually being stored by 
the computer. 

This  da ta  s y s t e m  wil l  a l low the c o m p u t e r  to d e t e r m i n e  a t e m p e r -  
a tu r e  m a p  of the t e s t  a r t i c l e  in the  v a c u u m  c h a m b e r .  F r o m  th i s ,  
qua l i t a t i ve  i n f o r m a t i o n  may  be ob ta ined  such  as  the  l o c a t i o n  of h o t s p o t s .  
Also ,  the  c o m p u t e r  wi l l  p e r m i t  the r a p i d  a c q u i s i t i o n  of quan t i t a t i ve  
i n f o r m a t i o n  such  as the  r a d i a t i v e  f lux and t e m p e r a t u r e  m a p s .  The  
r a d i a t i v e  f lux or  s u r f a c e  t e m p e r a t u r e  a long any ( c a m e r a )  l i ne  in the  
f i e ld  of v iew can be g r a p h e d  as a func t ion  of l a t e r a l  pos i t ion;  th i s  
g r a p h  can be d i s p l a y e d  on the CRT, and a h a r d  copy m a y  be p r o d u c e d .  
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Thus ,  the  da ta  s y s t e m  wi l l  p e r m i t  both  d ig i t a l  and g r a p h i c  ~ ' e p r e s e n -  
t 'ation of the  c a m e r a  data.  The  da ta  s y s t e m  wi l l  a l so  p e r m i t  the  c a m e r a  
i n f o r m a t i o n  to be p r o c e s s e d  e i t h e r  in a c o a r s e  m e s h  or  in a f ine  m e s h  
d e p e n d i n g  upon t e s t  r e q u i r e m e n t s .  

6.0 CONCLUSIONS AND RECOMMENDATIONS 

The r a n g e  of app l i cab i l i t y  of an IR c a m e r a  can be s e e n  in l igh t  of the  
r e s u l t s  p r e s e n t e d  in Sec t ion  3 .0 .  G e n e r a l l y ,  th i s  typ.e c a m e r a  would  a p p e a r  
to have  a good r a n g e  of app l i ca t i on  fo r  12V t e s t i n g ,  but a p p e a r s  to have  
a m o r e  r e s t r i c t e d  r a n g e  of u s e f u l n e s s  in the  Mark  I c h a m b e r  wi th  r e s p e c t  
to quan t i t a t i ve  i n f o r m a t i o n  r e t r i e v a l  ( t e m p e r a t u r e  and f lux l e v e l s )  as long  
as the  p r e s e n t  s o l a r  s i m u l a t o r  r e m a i n s  in use .  The  c a m e r a  would  a p p e a r  
to be qui te  u se fu l  in both c h a m b e r s  fo r  qua l i t a t i ve  i n f o r m a t i o n  ( loca t ing  
ho t spo t s ) .  The  r a n g e  of c a m e r a  u s e f u l n e s s  fo r  m e a s u r i n g  t e m p e r a t u r e s  
wi th  5 ~  a c c u r a c y  o r  b e t t e r  was  p r e s e n t e d  in F ig s .  9 and 10 fo r  the  12V 
and Mark  I c h a m b e r s ,  r e s p e c t i v e l y .  

T h e r e  is n e e d  to m a k e  a s e r i e s  of m e a s u r e m e n t s  u n d e r  c o n t r o l l e d  
o p e r a t i n g  cond i t ions  in the 12V c h a m b e r  in o r d e r  to v a l i d a t e  the  s t u d i e s  
r e p o r t e d  h e r e i n .  Th i s  could be c a r r i e d  out u s ing  the  c u r r e n t l y  ava i l ab l e  
c a m e r a  wi th  the  add i t ion  of a su i t ab le  s o l a r  f i l t e r .  
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APPENDIX A 
LENS CHARACTERISTICS 

E ~ J l  i 
2 m l 3 m ]  4ml 

F i e l d  o f  View, m 
1 0 - d e g  Lens 
2 5 - d e g  Lens 
4 5 - d e g  Lens 

Depth o f  Focus*  
1 0 - d e g  Lens 
2 5 - d e g  Lens 
4 5 - d e g  Lens 

,-. ." " I t "  

d • , 4 m "  ~ " l b ' ~  m ~ " 4 m "  ~ ' d  

0.13 0 .30  0 .47  0 .65  0 .83  1 .0  
0 .40 0 .85  1.30 1.73 2 .18  2 .6  
0 .77 1.61 2 .44  3 .26 4 .08  4 .9  

0 .04  0 .2  0 .5  0 .8  1.3 2 
0 .3  1 .4  3 .1  5 .6  9 13 
1.1 4.6 10.5  19 30 43 

• -=...=. ~ 

lOml 

m 

lOre i 

1 . 4  1 . 7  3 . 5  
3 . 5  4 . 4  8 . 9  
6 . 6 . 8 . 2 1 6 . 5  

3 . 4  5 . 5  22 
23 35 - -  

*Depth o f  f o c u s  a t  t h e s e  d i s t a n c e s  i s  shown f o r  a p e r t u r e  
s e t t i n g  f / 1 . 8 ;  s m a l l e r  a p e r t u r e s  ( l a r g e r  f / s t o p s )  g i v e  
g r e a t e r  d e p t h s  o f  f o c u s .  

Figure A-1. Lens characteristics. 
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APPENDIX B 
BASIC EQUATIONS 

The  d e r i v a t i o n  of the  e q u a t i o n s ,  f r o m  which  the  r e ' su l t s  s h o w n  
in T a b l e s  1 t h r o u g h  6 w e r e  computed ,  is  p r e s e n t e d  and d i s c u s s e d  in 
the  fo l lowing .  In the  12V c h a m b e r ,  the  c a m e r a  d e t e c t o r  wi l l  r e s p o n d  
to the  s u m  of t h r e e ' r a d i a t i o n  s i g n a l s :  (1) the  r a d i a t i o n  e m i t t e d  by the 
q u a r t z  i n t e g r a t i n g  l e n s  which  a f t e r  r e f l e c t i o n  f r o m  the c o l l i m a t i n g  
m i r r o r  and t e s t  v e h i c l e  is  i nc iden t  upon the c a m e r a ,  (2) the  r a d i a t i o n  
e m i t t e d  by the c o l l i m a t i n g  m i r r o r  which  a f t e r  r e f l e c t i o n  f r o m  the  t e s t  
v e h i c l e  i s  i nc iden t  upon the  c a m e r a ,  and (3) the  r a d i a t i o n  wh ich  is  
e m i t t e d  by the t e s t  v e h i c l e  and is  i nc iden t  upon the  c a m e r a .  The  
d e r i v a t i o n s  wi l l  be p r e s e n t e d  fo r  both a s p e c u l a r  t e s t  v e h i c l e  and a 
d i f fuse  t e s t  v e h i c l e .  

S ince  the  v a r i o u s  e m i t t i n g  s u r f a c e s  a r e  l o c a t e d  at r e l a t i v e l y  
l a r g e  d i s t a n c e s  f r o m  e a c h  o the r ,  a l l  of the  a r e a s  wi l l  be t r e a t e d  as  
d i f f e r e n t i a l  a r e a  e l e m e n t s .  The a r e a  of the  i n t e g r a t i n g  l e n s  wi l l  be 
d e s i g n a t e d  by dA L, the a r e a  of the c o l l i m a t i n g  m i r r o r  by dAM, and 
the  a r e a  e l e m e n t  d A T v ,  i s  an  e l e m e n t  of a r e a  of the t e s t  v e h i c l e  p r o -  
j e c t e d  n o r m a l  to the  d i r e c t i o n  in  wh ich  the  IR s c a n n i n g  c a m e r a  i s  
f ocused .  The  t e m p e r a t u r e s  of t h e s e  s a m e  t h r e e  a r e a  e l e m e n t s  wi l l  be 
d e s i g n a t e d  by T L,  TM,  and TTV.  

LENS IR NOISE 

The m o n o c h r o m a t i c  radia t iv .e  power  e m i t t e d  by the i n t e g r a t i n g  
l e n s  and i nc iden t  upon the c o l l i m a t i n g  m i r r o r  is  g i v e n  by 

dPR = e L ' R  e b b r R ( T L )  c o s  ~1 c o s  ~2 dAL dAM 

7rr 2 
(.B-l) 

w h e r e  ~ L,  X is  the  l e n s  m o n o c h r o m a t i c  e m i s s i v i t y ,  ebb X i s  Planl~ 's  
b l ackbody  func t ion ,  r i s  the  d i s t a n c e  f r o m  the  c e n t e r  o f ' t he  i n t e g r a t i n g  
l e n s  to the c e n t e r  of the  c o l l i m a t i n g  m i r r o r ,  and E1 (20 deg) and/32 
(25 deg) a r e  the  a n g l e s ,  r e s p e c t i v e l y ,  be tween  the  n o r m a l s  to dA L and 
dA M and the  v e c t o r  r c o n n e c t i n g  the  c e n t e r s  of t h e s e  two a r e a s .  The  
r a d i a t i v e  power  e m i t t e d  by the  l e n s  and i nc iden t  upon the m i r r o r  in the  
8 -  to 14-# band is  g i v e n  by 

c o s  ~ I  c o s  B 2 dA L dA M ~4 
d P  = r ~  

e L , ~  e b b , ~  (T L) dR 
, (B-2) 
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F o r  the  s a k e  of s i m p l i c i t y  i t  wi l l  be a s s u m e d  tha t  the e m i s s i v i t i e s  and 
r e f l e c t i v i t i e s  a r e  e s s e n t i a l l y  cons t an t  in the 8- to 14-/J r a n g e .  The  
power  r e f l e c t e d  f r o m  the c o l l i m a t i n g  m i r r o r  ( m i r r o r  r e f l e c t i v i t y  = pM ) 
is  g i v e n  by 

dPLM - 
PM eL cos  ~I cos  ~'2 dAM dAL 

2 
r 

~ ~L e b b , A  (TL) dA 

(B-3) 

The c o l l i m a t e d  f lux  r e f l e c t e d  f r o m  the  m i r r o r  m a y  be w r i t t e n  as  

14 
dPLM PM eL c o s  ~1 c o s  ~2 dAL £ ebb rA (TL) 

Fo - - j 

dA 

(B-4) 

DIFFUSE TEST VEHICLE 

The  f lux  inc iden t  upon an a r e a  e l e m e n t  of the t e s t  v e h i c l e  is  

F = F cos 8" 
0 

(B-5) 

w h e r e  0# i s  the  angle  be tween  the n o r m a l  to the  a r e a  e l e m e n t  and the 
inc iden t  c o l l i m a t e d  r a d i a t i o n .  The d i f f u s e l y  r e f l e c t e d  i n t e n s i t y  f r o m  
the t e s t  v e h i c l e  is  the d i f fu se ly  r e f l e c t e d  f lux  d iv ided  by 

PTV Fo c o s  0* 
I r - (B-6) 

~T 

In o r d e r  to e s t i m a t e  the m a x i m u m  JR no i s e  i n t e n s i t y  r e s u l t i n g  f r o m  
the i n t e g r a t i n g  l e n s ,  l e t  cos  8~-" = 1. Thus ,  the power  r e f l e c t e d  f r o m  
the t e s t  v e h i c l e  to the  c a m e r a  is  

I r dATv dA C 
d P c  - ( B - 7 )  

w h e r e  f is  the c a m e r a  foca l  l eng th  and dA C is  the c a m e r a  c o l l e c t i n g  
a r e a .  The  c o s i n e s  do not a p p e a r  in the  above e x p r e s s i o n  b e c a u s e  the  
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c a m e r a  acts  as a focused sys tem.  Thus,  the f inal  e x p r e s s i o n  for  the 
flux emi t t ed  by the in tegra t ing  lens  and incident  hpon the c a m e r a  is 

dPc ~ PTV @M EL cos l~ 1 cos ~2 dAL dATV. ~t~4 ~ebb,A(TL) dR 

LENS ~ (B-8) 

SPECULAR TEST VEHICLE 

For  a specu la r  t es t  veh ic le  the IR noise  gene ra t ed  by the l ens  
will  only affect  the c a m e r a  when it is incident  upon the tes t  veh ic le  
at the s p e c u l a r  angle. If the model  is examined  by the c a m e r a  at two 
axial  chamber  loca t ions ,  then the IR noise  f r o m  the lens  may  be to ta l ly  
i l lumina ted .  Thus,  for  a specu la r  t es t  veh ic le  the IR noise  gene ra t ed  
by the in tegra t ing  lens  is cons ide red  negl igible .  

MIRROR IR NOISE 

The flux emi t t ed  by the m i r r o r  and incident  up'on the t e s t  vehihle  is 

~ 4 ~ ebb,A (TM) dA 

71" 

dP M (I- p M ) dA M 

dATv R 2 
(B-9) 

The dif fusely  r e f l ec t ed  in tens i ty  is the diffusely r e f l ec t ed  flux divided 
by ~. 

PTV (1 - pM ) dA M ~ t  
IMr = ~R 2 

ebb , A (T M) dA 
11" 

(B-10) 

The power r e f l e c t ed  f rom dATv  to the c a m e r a  is 

IMr dATv dA C 
dPMc = f2  (B-If) 
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or  the f lux inc iden t  upon the c a m e r a  m a y  be e x p r e s s e d  by 

14 

8p. 

~t 
e bb,)`(TM) d)` 

7r 

(B- 12) 

The m o n o c h r o m a t i c  i n t e ns i t y  e m i t t e d  by the m i r r o r  is  g iven  .by 

(i- pM ) ebb,) ̀  (TM) 
= (s-13) 

The solid angle dA,~/f 2 viewed by the camera is equal to, as shown in 
Fig. B-l, the incident'~ solid angle dA3/R2. The monochromatic power 
leaving dA 3 (which is a portion of the area of the collimating mirror) 
and incident upon the test vehicle is 

dP),,M - IM. c o s  3" do~ dATV (B-14) 

or  dA 3 

dP)`,M - I M c o s  3' R2 dATV (B-15) 

In o r d e r  to e s t i m a t e  the m a x i m u m  noise  l e t  cos 7 = 1; t h e r e f o r e ,  the  
no i se  in the 8- to 14-~ wave leng th  r e g i o n  inc iden t  upon d A T v  b e c o m e s  

dA 3 ~4 t£ ) .̀ (TM) 
dP M -- (1- pM ) R--2-- dATv e.bb, . dR (B-16) 

The intensity reflected from the test vehicle differential area element 
toward the camera is PTV IM" Substituting dA3/R2 = dAc/f 2, the flux 
emitted by the mirror which is incident upon the camera after reflection 
from a specular test vehicle becomes 

dATv ~4tL e (T M) dA 
dPM : (1 - pM ) PTV f2  bb t  )` (B-17) d-Y-_/ 

C MIRROR 8 a 
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TEST VEHICLE SIGNAL 

The rad ia t ive  flux emi t ted  f r o m  the tes t  vehic le  and incident on 
the c a m e r a  is 

dPTv ~ (1 - PTV ) dATV ~ 4  ~ dR : e b b ~  (TTv) 

dA C ) f2  ~ 

TEST 
VEHICLE (B- 18) 

The above equat ions a re  an outline of those used in obtaining the r e s u l t s  
shown in Tab les  l through 6. The ca lcula t ions  for  the Mark  I c h a m b e r  
did not include any noise contr ibut ions  f r o m  an in tegra t ing  lens;  r a t h e r ,  
the energy  emi t ted  by the quar tz  l a m p  envelopes  was t r e a t e d  the s a m e  
as the m i r r o r  noise t e r m  in the 12V chamber  except  the m i r r o r  e m i s -  
s ivi ty  was r ep laced  by the quar tz  envelope emis s iv i ty .  

  Mirror 
dAc 

Figure B-1. Specular reflection sketch. 
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